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CLXIX. THE CENTENARY OF WOHLER’S 
SYNTHESIS OF UREA (1828—1928). 


By FREDERICK GOWLAND HOPKINS. 


Read at the Cambridge meeting of the Biochemical Society’, 
October 6th, 1928. 


CHARACTERISTIC of modern intellectual progress is the growth of the historic 
sense. Hence the popularity of commemorative celebrations, recalling not 
alone the outstanding events of political and social progress, but also those 
events which are landmarks in intellectual advance. This is surely a com- 
mendable form of piety, promoting in current thought a sense of continuity 
and a proper perspective. 

In the history of Biochemistry the synthesis of Urea by Wohler is certainly 
an outstanding event. Few who are concerned either with chemistry or biology 
can be unaware of the date of its accomplishment, for there is scarce a text- 
book that does not mention that date with insistence. A reminder therefore 
that the present year marks its centenary would be wholly superfluous. It 
has been felt however that in the records of the Biochemical Society there 
should be some indication that due notice was taken of the arrival of that 
centenary, and as a very inadequate method of marking such recognition 
I have been given the privilege on the present occasion of saying a few words 
about Wohler’s famous synthesis. 

Now we should I think realise at the outset that in our commemorative 
piety we may be apt to overestimate the effect of this or that discovery upon 
the thought of its own period. In our backward perspective we see it stand 
out in all its importance, but it does not follow that this importance was 
immediately felt. I think, indeed, that our textbook writers in their familiar 
references to the event which we now have specially in mind have tended to 
exaggerate its effect upon the thought of its time. 

The intrinsic historic importance of Wohler’s synthesis can hardly of course 
be exaggerated. So long as the belief held ground that substances formed in 
the plant or animal could never be made in the laboratory, there could be 
no encouragement for those who instinctively hoped that chemistry might join 
hands with biology. The very outermost defences of Vitalism seemed un- 
assailable. We now recognise that Wohler’s discovery effectively breached 
these outworks, making it necessary for Vitalism to retreat behind inner and 
more subtle defences. The breach in question had to be widened, however, 
by later efforts, before very many recognised all its significance. 

1 Here slightly amplified. 


Bioch. xx11 86 
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Before proceeding, I ought perhaps to refer, parenthetically at least, to 
the work of the English chemist, Hennell, because his synthesis of ethyl 
alcohol has sometimes been put forward as being, rather than Wohler’s, the 
actual pioneer organic synthesis. The significant part of Hennell’s work—his 
demonstration, namely, that the sulphovinic acid which (following Faraday) 
he had prepared from olefiant gas yielded alcohol on distillation—was as a 
matter of fact published by the Royal Society! in the same year as that in 
which Wohler’s paper appeared. We may well therefore hold the accomplish- 
ment of both syntheses in pious memory to-day. But with respect to their 
significance, itshould I think be admitted that since the vital nature of alcoholic 
fermentation was not recognised in the day of Hennell and Wohler, the 
artificial production of a substance actually arising in the living animal body 
should have had for contemporary thought the greater significance. 

It is well, however, for the sake of historical accuracy, to realise that as 
I have already indicated this significance was not fully recognised when the 
work was first published. I may remind you that Wohler himself in com- 
municating his discovery? makes no resounding claims. He remarks merely, 
in the beginning of his paper, that the research he is to describe “gave the 
unexpected result that by the combination of cyanic acid with ammonia urea 
is formed; a fact (he continues) that is so far noteworthy in that it furnishes 
an example of the artificial production of an organic, indeed a so-called animal 
substance, from inorganic materials.” The rest of this classical paper is wholly 
descriptive until, at its close, the author shows in a sentence that he is alert 
to the significance of the isomeric change which is involved in the synthesis. 
The adjective “noteworthy” (merkwiirdig) is all that he allows himself in 
comment on his successful passage from the inorganic to the organic. 

It is however not surprising that Woéhler when announcing his discovery 
wrote with this restraint, for it would seem that he himself was really doubtful 
whether he had, after all, built a bridge across a gulf. In a letter to Berzelius 
dated from Berlin, Feb. 22nd, 1828, he writes as follows to his former chief: 
“You will perhaps remember that during a research carried out in those happy 
days when I still worked with you, I found that whenever one endeavoured 
to combine cyanic acid with ammonia, a crystalline substance appeared which 
was neutral, and gave the reactions neither of cyanic acid nor ammonia.” 
This passage refers to work done in 1825. The letter I am quoting informs 
Berzelius, “for the first time,” that the neutral substance in question was 
urea. “I must now tell you,” writes Wohler, “that I can make urea without 
calling on my kidneys, and indeed without the aid of any animal, be it man 
or dog.” But at the end of a somewhat long letter he puts this question to 
his correspondent: “This artificial production of urea—can one take it as an 
example of the formation of an organic substance out of inorganic materials? 


1 Phil. Trans. 1828, p. 365. 
2 Poggendorff’s Annal. Bd. 12, 243 (1828). 
3 Briefwechsel, Berzelius und Wéhler, edited by O. Wallach, Bd. 1, 206 (1901). 
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It is striking that for the production of cyanic acid (and, no less, of ammonia) 
one must always start with an organic substance. The Natural Philosopher 
might well say that from animal carbon and from the cyanic compounds made 
from it the Organic has by no means disappeared, and it is for this reason 
that it may be always possible to reproduce an organic substance from these 
materials.” An attitude sufficiently critical ! 

I cannot refrain from quoting the somewhat famous reply of Berzelius to 
this communication’, because it rather strikingly bears on my present theme— 
the effect of Wohler’s discovery upon contemporary minds. Berzelius wrote 
a letter which starts with sheer raillery of a Rabelaisian kind. In quoting it 
I propose to retain the language of a German translator! “Nachdem,” says 
Wohler’s mentor, “‘ Nachdem man seine Unsterblichkeit beim Urin angefangen 
hat, ist wohl aller Grund vorhanden, die Himmelfahrt in demselben Gegen- 
stand zu vollenden—und wahrlich, Hr. Doktor hat wirklich die Kunst erfunden, 
den Richtweg zu einem unsterblichen Namen zu gehen....Sollte es nun 
gelingen noch etwas weiter in Produktionsvermégen zu kommen (vesiculae 
seminales liegen ja weiter nach vorn als die Urinblase), welche herrliche Kunst 
in Laboratorium der Gewerbeschule ein noch so kleines Kind zu machen—Wer 
weiss? Es diirfte leicht genug gehen.” Such was the first reaction of the great 
Swede’s mind to Wohler’s announcement. Persiflage! Berzelius does not even 
trouble to answer the direct question posed for him. In the same letter he 
does, it is true, finally congratulate his former assistant upon a “right important 
and beautiful discovery,” but it is noteworthy that his interest in it centred 
on the isomeric change involved in the synthesis. “It is an altogether striking 
circumstance,” he remarks, “that the character of a salt is so completely 
absent (from the product) when the acid unites with ammonia, a circumstance 
which will certainly be very enlightening for future theories.” It is clear 
indeed that Wohler himself was on the whole more intrigued with this side 
of his discovery than with its bearings upon the vitalistic position. The method 
of urea formation suggested to his mind that alkaloids might somehow arise 
on similar lines from the union of organic acids with ammonia, and he made 
attempts to test this view, in the case of cinchonine for instance, by submitting 
the substance to electrolytic decomposition. 

We should next, I think, take note of the attitude of Justus Liebig, who 
was in the closest touch with Wohler and whose influence upon the thought 
of the time was great. Considering how much Liebig’s own work contributed 
to the growth of clear thought and objective views in the domain of plant 
and animal chemistry, it is puzzling that he himself should so long have clung 
to his conception of a Vital Force. He does not, it is true, seem to have thought 
about it as a “Force” necessarily outside the category of known “forces.” 
Living to-day he would probably have spoken of it as an unknown form of 
energy. It was for him an agency which reacted with (and in general opposed !) 
the forces of chemical affinity as understood by him. Even so late as 1842 he 


1 Briefwechsel, Berzelius und Wéhler, edited by O. Wallach, Bd. 1, 208 (1901). 
86—2 
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wrote: “The vital force appears as a moving force or cause of motion when it 
overcomes the chemical forces (cohesion and affinity) which act between the 
constituents of food, and when it changes the position or place in which their 
elements occur; it is manifested as a cause of motion in overcoming the 
chemical attraction of the constituents of food and is further the cause which 
compels them to combine in a new arrangement, and to assume new forms?.” 

This was written fourteen years after the synthesis of urea, with which of 
course Liebig was from the first intimately familiar. That accomplishment 
clearly did not convince him that the forces which “compelled” the elements 
to “combine in a new arrangement” in Wohler’s laboratory could do the same 
in the living body. It is but fair to remember that some years later Liebig was 
coming to the conclusion that it was after all unjustifiable to assume the 
existence of a special vital force until more was learnt concerning the scope 
of known physical forces. To anyone who reads the 20th letter in the 5th edition 
(1851) of his Chemische Briefe this change of mind will be evident. By this 
time however Wohler’s synthesis had become an old story. 

Great as is the debt of Biochemistry to Liebig, there can be no doubt that 
he lacked physiological knowledge and his ex cathedra utterances sometimes 
tended to obscure the facts. Berzelius insisted on this and spoke of current 
theories based solely upon chemical speculations, untested on plant or animal, 
as “‘Probabilitatsphysiologie” ! 

I must not here leave you with the impression that Liebig’s obsession was 
shared by all the leading minds of that day. Dumas, for instance, though 
later a supporter of many of Liebig’s much disputed views about other aspects 
of biochemical phenomena, early dissociated himself from a belief in any Vital 
Force. It may be noted that in 1833 Dumas met Wohler for the first time. 
This was in Paris and the two evidently saw a good deal of each other there, 
for Wohler sent to Berzelius? an extremely acute appraisement of the character 
and qualifications of the French chemist. Three years later, in 1836°, Dumas 
allowed himself the following very definite statement of faith—‘“In my belief 
there are no substances which, in any peculiar sense, are to be called organic. 
I visualise in organised beings only very slowly working forms of apparatus 
which act upon materials at the moment of their genesis and thus produce 
from a few elements. very various ‘inorganic’ compounds.” (The quotation 
marks to the word ‘inorganic’ are mine.) This statement has a very modern 
ring; I am even inclined to think that it contains a hint for ourselves. It is 
impossible to say how far the synthesis of urea had affected the thought of 
Dumas; he was certainly familiar with it. 

In seeking evidence concerning the contemporary effect of Wohler’s work 
we may perhaps do well to turn from the minds of the Olympians and ask how 
it affected lesser men; the men who in the main were concerned with teaching 


1 Animal Chemistry, edited by Wm Gregory from the author’s Ms., 2nd ed. 1843, p. 204. 
2 Briefwechsel, Bd. 1, 535. 
3 J. prakt. Chem. 7, 298 (1836). 
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and the writing of students’ textbooks. They were little concerned with 
philosophical niceties, but any considerable change in the intellectual atmo- 
sphere must have affected their writings. 

The chemical textbooks published during the decade which followed 
Wohler’s publication, while duly chronicling the success of the synthesis and 
its nature, seem to make little of its anti-vitalistic significance, even in the 
case of those specially concerned with what we should now call biochemistry. 
A representative book of the kind was the Medical Chemistry of Carl Fromherz, 
of which the first volume appeared in 1832 and the second in 1836. Fromherz 
was professor of Chemistry at Freiburg and an able writer. His book was one 
of the best of its time and I think it is worth while to note the attitude of this 
author to the event which is occupying our attention. Fromherz, in a section 
of his book devoted especially to urea, describes Wéhler’s synthesis in detail, 
remarking with restraint that it is an accomplishment of much interest. But 
in the theoretical discussion contained in the book, when dealing with what 
he believed to be the fundamental distinction between inorganic and organic 
chemistry, he frankly resigns himself to a belief in a vital force, and shows no 
signs of feeling that Wohler’s work ought to affect that belief in the least. 
There were at this time several other writers who though far from being 
obscurantists, continued to believe in a Vital Force; though among them were 
some who, like Fromherz, had the sincerest belief in the importance of chemical 
studies to biology. The men I mean thought on chemical lines and it was for 
chemical reasons (as they would themselves have claimed) and not because 
of philosophical preconceptions that for some years after Wohler’s synthesis 
they relied upon something unique as the causal factor in biochemical 
phenomena. ; 

Their attitude was due in fact to the dominance in contemporary thought 
of that rigid dualistic theory of chemical affinity which we associate especially 
with the name of Berzelius. 

Inorganic compounds arise, it was held, only when elements of opposite 
electric charges—or groups dominated by elements with opposite electric 
charges—come together. Now the writers I am quoting found it difficult to 
see how in the building up of the complex carbon compounds, produced by 
the plant or animal, this rigid duality could possibly play an effective part, and 
their doubts expressed more wisdom perhaps than Berzelius himself showed 
in his struggles to apply his views in organic chemistry. 

I am dealing with the matter far too briefly to make clear the weight of 
such considerations as judged from the standpoint of the time; but to Fromherz 
and many of his contemporaries it was plain that, while inorganic compounds 
arose under the influence of affinity, as then understood, another, and quite 
different, force must control the knitting together of complex organic com- 
pounds. For these plain chemical thinkers the Vital Force was just this un- 
known controlling agency. They had no other commitments with regard to it 
and were much less dogmatic than was Liebig in his earlier days. 
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You will see that Wohler’s synthesis was not one to disturb very greatly 
such views as those of Fromherz. The union of ammonia and cyanic acid is a 
straightforward dualistic happening, and the isomeric change involved— 
though Wohler himself was alert to its general significance—was still merely 
obscure to the majority. 

In parenthesis, I may say here that I cannot find that the first artificial 
synthesis of an organic substance formed a text for discussion in any of the 
Journals of Wohler’s time devoted to philosophical or general intellectual 
interests; though a complete research into this matter has been beyond my 
leisure. One gets the impression that the intelligent lay public which took 
cognizance of scientific progress in those days was hardly aware that anything 
worthy of its attention had yet arisen from the application of chemistry 
to the plant or animal. 

Returning to the textbook writers of the time, one feels that it was a sound 
instinct in these pioneers to emphasise in their own way that there is all the 
difference between the methods of the living body and the classical methods 
of the laboratory. That the agencies which control biochemical events work on 
lines of their own is the basic circumstance which alone justifies the claim of 
biochemistry to rank as a self-standing scientific discipline. It is those special 
agencies and their impact upon molecular structures which constitute the 
peculiar field of biochemical study, and should be its final concern. The 
information which artificial syntheses afford in proof of constitution is of 
course absolutely essential to the progress of biochemistry, but for the genuine 
biochemist its attainment is a means to an end and not an end in itself. 
We can never be content with what Berzelius would have called “ Probabili- 
tatsbiochemie.” 

Fortunately we are no longer compelled to visualise an ultra-physical 
Force as the determinant of chemical changes in the living cell. Just now 
Surface Catalysis as an agency justifiably dominates our field of view, though 
it may be doubted whether it alone will give us the complete picture we hope 
ultimately to see. It is, I think, for the progress of biochemistry of good 
augury that the organic chemist now views molecular structure as a dynamic 
and not a static affair, for it is sure that molecules, while playing their diverse 
parts in the intense turmoil of life, may be never more than momentarily in 
that stable condition which they have assumed when they get into bottles on 
our shelves. 

It is certainly instructive and not necessarily humiliating to realise that 
the molecular structure of a substance already synthesised one hundred years 
ago, a substance with a molecular weight of no more than 60, is yet a matter 
for debate. It is not surprising. A molecule of such biochemical prominence 
is likely to assume during its complex metabolic career just as many forms 
as with due regard to the decencies of valency it can manage to assume! 
I think we should be grateful to Prof. Werner for the “ring” and “open” 
structural formulae of urea, even if their reality be not yet proven. I also 
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think, however, that carbamide may not be absent from the laboratory of living 
tissues. After all, ammonia does meet with carbon dioxide there, and the liver 
can dehydrolise ammonium carbonate. Anyhow, it is significant that a century 
after Wohler’s synthesis we are still discussing this matter, and are realising 
in consequence that we must revise our too dogmatic views as to precisely 
how urea arises from amino-acids in the body. 

It would indeed not be out of place when celebrating the centenary of its 
synthesis to recall how interesting are the problems which, in all its relations, 
this familiar substance still presents. I must not of course stop to survey them. 

Nevertheless, just to widen a little the scope of my remarks, I will venture 
in concluding them to put before you certain considerations of a more biological 
sort which seem to me to possess no small interest. On surveying the field of 
comparative biochemistry we remember that urea, with all its obvious merits 
as an excretive, is in the case of certain animal groups replaced by insoluble 
uric acid. The replacement at first sight seems a casual happening and has 
puzzled many. My colleague, Dr Joseph Needham, has been considering this 
problem and has come to a conclusion which with his permission I will submit 
to your judgment. The evidence on which it is based will be found in an article 
which Needham is publishing in Science Progress, and later, in a chapter of 
his forthcoming book on the Chemistry of Development. 

The thesis is that the conditions of its embryonic existence determine 
whether an animal shall excrete urea or uric acid. If its embryonic develop- 
ment occurs in an egg subject to aquatic conditions which allow the end- 
products of metabolism to diffuse freely away, or if, as in the case of the 
viviparous mammal, the maternal circulation secures the same efficient 
removal, then the embry6, and, by established metabolic habit, also the adult, 
excretes urea. If on the other hand the embryonic life is passed in a closed 
box, such as is the bird’s egg, then the embryo, for good reasons, as we are to 
see, turns to uric acid as an end-product and excretive, and the adult continues 
the tradition. 

Consider the state of affairs in the hen’s egg. Up to the eleventh day water 
accumulates in the allantois in sufficient amount to transport the uric acid 
produced up to that date. Then water is re-absorbed from the allantoic cavity 
leaving uric acid behind. Later water is again excreted, carrying more uric 
acid. “It is,” to use Needham’s words, “as if the water acted as an endless 
belt-conveyor transferring uric acid from the cells of the embryo into the 
allantoic liquid and then returning to convey more.” Thus the embryo itself 
escapes any accumulation of its excretion. On the other hand it is hard to 
see how embryonic development in the closed system of the bird’s egg could 
proceed satisfactorily if the end-product of its metabolism were a very soluble 
and highly diffusible substance like urea. It would accumulate in equal 
concentrations throughout the contents of the egg, and the embryo itself 
would, as Needham remarks, become more and more uraemic! Under these 
conditions the less soluble excretion possesses all the advantages. Needham 
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has brought together all the available data concerning the excretion of urea 
and uric acid respectively in the various animal phyla, and the weight of the 
evidence strongly supports the view that embryonic conditions determine the 
nature of the end-product. That the adult continues to behave on the same 
lines as the embryo merely illustrates once more the fact that every organism 
is a product of its past. Such considerations are doubtless of the teleological 
kind, but they help us to understand an evolutionary puzzle. 

Perhaps I have said too little about Woéhler’s synthesis and too much about 
other matters, and what I have said must seem to have minimised rather than 
emphasised the importance of its influence upon thought. Yet its intrinsic 
significance is of the greatest. Not, it is true, until the structure of biochemical 
science had grown greater than it was in the days of Wohler and his immediate 
contemporaries was it recognised as one of the foundation stones of that 
structure; but as such we now see it. 








CLXX. DYNAMICS OF THE WAXY GENE 
IN MAIZE. 


II. THE NATURE OF WAXY STARCH!. 


By R. A. BRINK. 


From the University of Wisconsin, Madison, Wisconsin, U.S.A. 
(Received July 18th, 1928.) 


INTRODUCTION. 


THE waxy factor in maize occasions a conspicuous change in the character of 
the reserve starch. In analysing the physiological action of the gene we have 
sought to determine how this storage product differs from the starch laid down 
in the endosperm and pollen of non-waxy maize. Two questions of primary 
importance are presented. Are the waxy and non-waxy starches composed of 
the same ultimate sugar units? And, secondly, are the sugar residues united 
in the same fashion in the respective elementary starch molecules? Perhaps 
a third query might be added with reference to degree of association. 

A mode of attack somewhat different from that formerly employed [Brink 
and Abegg, 1926] has been adopted in the present investigations. Malt 
amylase has been used as the exploring agent with a view of ascertaining the 
particular sugar or sugars formed on hydrolysis of the starch. It is by this 
means that an answer to the first question set forth above has been sought. 
The rate of conversion of waxy starch to sugar under the action of malt 
amylase has likewise been carefully investigated for the light it might throw 
upon the structure of the starch molecule. The phosphorus content of the 
starch has been determined and the relative amounts of the two main con- 
stituents of the starch granule, namely the a-amylose and f-amylose of 
Meyer’s [1895] terminology, have been reinvestigated by the barley diastase 
method [Ling and Nanji, 1923]. 

The chemistry of the polysaccharides has not yet advanced to a stage 
where the structural formula of starch can be set down. This fact imposes 
close limitations upon an investigation of the present type. Perhaps the time 
is yet distant when we shall be able to describe the effects of such a gene in 
maize as waxy in terms of changes in molecular structure. Even though the 
chemical foundation upon which such investigations might be built is incom- 
plete it seems worth while, in view of the importance of the subject, to study 
the dynamic properties of the hereditary units by such methods as are 


available. 


1 Papers from the Department of Genetics, Agricultural Experiment Station, University of 
Wisconsin, No. 88. Published with the approval of the Director of the Station. 
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Proportions of a- and B-amylose by the barley diastase method. 


According to Ling and Nanji [1923] precipitated barley amylase added to 
a starch paste at 50° converts the B-amylose (amylose) to maltose while the 
a-amylose (amylopectin) is scarcely attacked. These workers adopted this 
procedure in separating the two principal constituents of the starch grain. 

In preparing the enzyme 200g. ground barley are suspended in 600 cc. 
water and a few drops of toluene added as an antiseptic. The suspension is 
allowed to stand overnight at room temperature. The liquid is then removed 
in a lever press, filtered, and treated with three volumes of 95 % alcohol. 
The rather copious precipitate formed, containing the barley amylase, is 
promptly washed with absolute alcohol and redissolved in. water. 

The content of B-amylose was determined on waxy maize starch prepared 
in the laboratory [Brink and Abegg, 1927], and on a high grade commercial 
sample of common maize starch. 5g. samples were gelatinised in boiling 
water, transferred to flasks and made up to 250 cc. after cooling. The py was 
adjusted to approximately 5-0 through the addition of dilute acetic acid. For 
the conversion 7 cc. of the barley diastase solution (equivalent to about 2 g. 
barley) and two drops of toluene were added to each sample. The flasks were 
corked and placed in a water-bath at 50°. After 18-5 hours the conversion was 
stopped by boiling. The solutions were cooled and filtered and the “total solids 
in solution” in the filtrate determined by the specific gravity method [Brown, 
1904]. The amounts of maltose formed were measured iodimetrically according 
to the procedure outlined by Baker and Hulton [1920]. The proportion of 
starch converted was then directly computed from the maltose values. 

Duplicate determinations gave 48 and 47 % respectively of the starch 
converted in the case of the common sample. One lot of the waxy starch was 
accidentally lost, the other showed 49 % of the starch converted. The barley 
diastase method, therefore, reveals little difference in the content of B-amylose 
in common and waxy starch. In both there would appear to be approximately 
equal amounts of a- and f-amylose. 

It will be recalled that the centrifugation method of Sherman and Baker 
[1916] gave 8 % of B-amylose in common maize starch and about 60 % in 
waxy starch [Brink and Abegg, 1926]. Evidently different things are being 
measured by the two methods. The biochemical test indicates no important 
difference in the relative amounts of a- and B-amylose; but the two substances 
may occur in quite different physical conditions in the two kinds of starch 
pastes giving quite different results on centrifugation. 


Hemicellulose in waxy and non-wazxy starch. 


When common maize starch paste is treated at 50° with malt diastase 
there appears, in 10 to 30 hours, depending upon the enzyme concentration, 
a rather copious flocculent precipitate. Schryver and Thomas [1923] found 
that this material gives a blue coloration with iodine but resists digestion with 
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taka-diastase. They conclude that the substance is a hemicellulose. It is not 
known whether the hemicellulose is an integral part of the starch grain or 
whether it is present as an impurity. The former seems more probable. Owing 
to the rather small supply of laboratory-prepared waxy starch at hand a 
quantitative estimation of hemicellulose content was not made. It was 
evident, however, from the relatively clear appearance of the waxy starch 
conversion liquids that practically no hemicellulose was present. Common 
maize starch, on the other hand, contains significant amounts of it. Schryver 
and Thomas [1923] report 3-6 %. 

The presence of hemicellulose in starch introduces difficulties in measuring 
rate of conversion by noting the time required for the solution to lose the 
power of giving a colour reaction with iodine. Our first experiments [Brink 
and Abegg, 1926], in which this method was employed, afforded results which 
led to the conclusion that waxy starch is more readily hydrolysed than the 
common sort. The difference was apparent when | % HCl was used as the 
hydrolysing agent but it seemed particularly large when salivary amylase or 
the amylases from waxy and non-waxy maize seedlings were employed. The 
procedure used, however, has been shown to be inadequate. If starch were 
the only substance present giving the colour reaction the method would be 
valid but, as noted above, Schryver and Thomas [1923] have shown that 
maize starch contains hemicellulose which reacts with iodine but is resistant 
to amylase. Owing to the hemicellulose present, colour may be given by the 
conversion liquid long after the starch has been hydrolysed. 

In the present studies the behaviour of the waxy and non-waxy starches 
on treatment with malt amylase has been carefully investigated and our 
former conclusions on comparative rates of hydrolysis are revised. 


The sugar formed on treating waxy and common maize starches with amylase. 


The view is commonly held that under the action of amylase starch is 
split quantitatively into a single sugar, maltose. A number of investigators, 
however, dissent from this conclusion. Pringsheim [1923] contends that 
adequate proof of the formation of but one sugar has not been furnished and, 
according to Armstrong [1924, p. 164] “There is little doubt that the starch 
molecule contains glucose as well as maltose residues.” Ling and Nanji [1923] 
hold that, on hydrolysis with malt amylase, B-amylose (amylose) forms 
maltose, and a-amylose (amylopectin) produces two sugars, maltose and 
isomaltose. The weight of evidence, nevertheless, seems to be in favour of the 
contention that starch is composed entirely of maltose residues [Maquenne 
and Roux, 1905]. 

We have sought to determine whether the reserve starches of the waxy 
and non-waxy races of maize differ with respect to the sugar formed on diastatic 
hydrolysis. The conversions were carried out in two stages. The starch paste 
was first treated with alcohol-precipitated barley diastase which hydrolyses 
the B-amylose and scarcely changes the a-amylose. The latter substance was 
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then separated from the other products of the first conversion and hydrolysed 
with an active preparation of malt amylase (p.p. = 170°)1. Reducing power, 
specific rotation and the osazone test were employed in identifying the sugars 
in the respective conversion liquids. 


B-Amylose fraction of common maize starch. 


40 g. of a high grade commercial sample of common maize starch were 
gelatinised by boiling and made up to 800 cc. 0-4 g. of barley diastase was 
added and the conversion allowed to proceed on a water-bath at about 50°. 
After 24 hours hydrolysis was stopped by boiling. The liquid was evaporated 
to a small volume and poured into alcohol giving a final concentration of 60 %. 
The precipitated a-amylose was filtered off and set aside for further treatment. 

The filtrate containing the conversion products of the B-amylose was 
concentrated to a small volume and poured into an amount of alcohol giving 
a final concentration of 90 %. From the resulting precipitate the sugars were 
taken up by boiling, leaving a light, sticky precipitate, which was discarded. 
The supernatant liquid was filtered and the alcohol removed by heating on a 
steam-bath. The alcohol-free syrup from the B-amylose portion of the starch 
was taken up with water, a little toluene added as a preservative, and allowed 
to stand for two days in a corked bottle. 

During the period of standing a light, brownish precipitate formed. This 
was filtered off leaving a fairly clear but yellowish solution. The concentration 
or “total solids in solution” was found by the specific gravity method to be 
7-25 %. The reducing power was measured iodimetrically and the specific 
rotatory power determined. These constants were as follows?: R = 93 and 
[@]p,., = + 144-6°. The corresponding values for maltose are R = 100 and 
[¢]p,., = + 138°. It seems probable from these results that some material of a 
dextrinous nature was still present as an impurity in the solution after the 
second treatment with alcohol. The formation of a precipitate on standing 
also bears out this contention. Dextrins would tend to lower the reducing 
power and increase the specific rotation. When the osazone was prepared 
definite evidence for the presence of maltose was obtained. A trace of glucosa- 
zone was also observed but no crystals of the isomaltosazone type [Ling and 
Nanji, 1923] were present. 

It is concluded that the sugar formed from the B-amylose portion of common 
starch is maltose. Very small amounts of glucose may also occur. 

1 The diastatic power (D.P.) is taken as 100 when 3 cc. of a solution containing 0-1 g. in 250 ce. 
(1-2 mg.) of diastase produce sufficient maltose in 1 hour at 70° F. to reduce 5 cc. of Fehling s 


solution. 
* R=reducing power. Measured in terms of an equivalent amount of maltose taken as 100. 
The subscript to [a], in this case 4-0, denotes the solution factor used in computing the 
concentration from the observed specific gravity. 
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a-Amylose fraction of common maize starch. 


The a-amylose portion precipitated in 60 % alcohol was taken up with 
sufficient water to give a fairly limpid solution and reprecipitated in 60 % 
alcohol. The filtrate was discarded. After kneading out the excess liquid the 
a-amylose was obtained as a firm, non-elastic, non-adhesive, white mass, 
sparingly soluble in water. A portion of the solution was filtered by suction. 
The constants on this were: R = 13-2 and [a]p,, = + 255°. 

The remainder of the a-amylose was made up to a volume of 300 cc. with 
water and 0-2 g. malt amylase (p.P. 170) was added to it. It was placed on a 
water-bath at 50° for 48 hours. The solution was then cooled, and the hemi- 
cellulose filtered off. The clear solution was returned to the bath and a further 
0-2 g. malt amylase added. Digestion was continued for another 48 hours. 

At 96 hours a 50 cc. sample was taken, heated to boiling to inactivate the 
amylase, cooled and filtered. The solution was made up to 100 cc. and found 
to contain 0-76 % solids. The constants were: R = 104-6 and [a], = + 138-1°. 
Several osazone preparations were made. In recrystallising these it was 
invariably found that an insoluble residue was present. No precipitate formed 
during heating. The recrystallised material showed maltosazone and a smail 
amount of glucosazone. isoMaltosazone did not appear to be present. 

The evidence indicates that the principal sugar present was maltose. Some 
glucose also occurred and a small amount of dextrin. The difficulties in re- 
crystallisation were probably due to the latter substance. 


B-Amylose fraction of waxy maize starch. 


An examination of the sugars formed on the diastatic hydrolysis of waxy 
starch was carried out in the same way as with the common maize starch. 
50 g. of waxy starch were gelatinised in hot water and the suspension made up 
to 1000 cc. 0-6 g. of alcohol-precipitated and dried barley diastase was added. 
The mixture was placed on a water-bath, at about 50°, and frequently shaken. 

The digestion was stopped after 19 hours by boiling. The liquid was cooled 
and filtered and, after evaporating to 300 cc., poured into a volume of alcohol 
giving a final concentration of 60 %. The a-amylose was precipitated as an 
elastic mass. Suction was used in filtering and the free liquid pressed out of 
the a-amylose mass by kneading. 

The filtrate was milky in appearance and formed a precipitate on standing. 
This was filtered off and the clear filtrate evaporated to 140 cc. The concen- 
trated liquid was poured into alcohol, giving a final concentration of about 
80 %. A further light precipitate formed which did not dissolve on boiling. 
The solution was cooled and filtered. The precipitate gave a distinctly violet 
reaction with iodine. The filtrate was concentrated to a thick syrup on the 
water-bath and allowed to stand at room temperature overnight. It did not 
crystallise. The syrup was then diluted to 250 cc. and the constants determined 


‘ 29.0 


on the solution. These proved to be as follows: R = 96-3 and [a], = + 132-5°. 
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A number of osazones which were prepared showed well-defined crystals of 
maltosazone and some glucosazone. A few crystals resembling those which Ling 
and Nanji considered to be isomaltosazone were also observed, but these did 
not occur consistently. These results indicate that the waxy conversion liquid 
contained principally maltose, together with small amounts of glucose and 
dextrins. The latter substances, not entirely removed by the treatment with 
alcohol, account for the fact that the observed reducing power is below 100. 
The rotatory power of the liquid is below that expected for a solution of pure 
maltose ([a@], = + 138°). Dextrins would tend to make the value higher. 
Glucose, on the other hand, would depress it, and the observed deviation is 
probably due to the combined effect of the glucose and dextrin impurities. 


a-Amylose fraction of waxy maize starch. 


The a-amylose separated from the barley diastase conversion liquid by 
precipitation with alcohol is obtained as an amorphous mass quite different 
in texture from the corresponding fraction of common maize starch. The latter 
is firm and crumbly and difficultly soluble in water, whereas the waxy a-amylose 
is elastic, sticky and easily dissolved in water at ordinary temperatures. 

The crude waxy a-amylose obtained in the initial precipitation with 60 °%/ 
alcohol was dissolved in water and reprecipitated with 60 % alcohol. - After 
filtering, the a-amylose was freed from alcohol by dissolving in water and con- 
centrating on a steam-bath. A small portion of the material was taken for 
determination of the reducing power and the specific rotation. The constants 
were found to be as follows: R = 12-6 and [a], = + 167°. It will be recalled 
that the corresponding values for the a-amylose from common maize starch 
were R = 13-2 and [a], = + 225. It may be remarked here that while the 
specific rotations in these two cases may be widely different, great emphasis 
is not to be put upon the magnitude of the values actually observed. In the 
case of the common a-amylose in particular the substance is imperfectly 
dissolved and the methods of clearing and filtering appreciably influence the 
rotatory power of the solution. Moreover the optical behaviour changes on 
standing. The sugars do not present these difficulties, but our experience with 
the more complex carbohydrates agrees with that of others in that comparable 
readings are very difficult to obtain. 

A small portion of the waxy a-amylose was treated with an active culture 
of beer yeast and the accessory conditions were made favourable for fermenta- 
tion. No fermentation ensued, however, showing that neither maltose nor 
glucose was present. The reducing power of the a-amylose preparation is 
probably due to the liberation of reducing groups in the substance itself by 
the alkaline iodine solution. 

The remaining portion of the a-amylose was dissolved in water and treated - 
with 0-2 g. of malt amylase (D.P. 170) at 50°. After 24 hours the liquid was 
cooled and a very light precipitate filtered off. A further 0-2 g. of malt amylase 
(p.p. 170) was then added and the material again digested at 50°. 
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At 90 hours the reaction was stopped by boiling. A light precipitate was 
filtered off after cooling. The constants were: R = 100-2 and [a], = + 133°. 
After treatment with alcohol giving a final concentration of 90 % the con- 
version liquid showed R = 100-9 and [a], = + 136°. 

The osazone test gave crystals rather ill-defined in appearance. Some of 
the crystals directly obtained simulated those of the isomaltosazone of Ling 
and Nanji [1923]. After recrystallisation, however, well-defined maltosazone 
crystals were formed. In these preparations no other types of crystals were 
present. The difficulties in obtaining a satisfactory test without recrystallisation 
were probably due to small amounts of dextrins present as impurities. 

A sample of the conversion liquid from the a-amylose portion of waxy 
starch was inoculated with beer yeast and a little peptone added. After a few 
hours’ incubation a vigorous fermentation developed. According to Ling and 
Nanji [1923] zsomaltose is not fermentable with yeast, whereas maltose, as is 
well known, is readily attacked. 

The experiments on amylase hydrolysis may be summarised as follows. 
The gelatinised starches of both waxy and common maize form maltose when 
treated with the amylase of ungerminated barley. Presumably only the 
B-amylose portion of the starch is attacked by this enzyme. Small amounts 
of glucose are also formed in both cases. The a-amylose residues of both kinds 
of starch when treated with malt amylase form maltose. Again traces of 
glucose may be found in the conversion liquids and small amounts of dextrin- 
like substances are present. These experiments afford no evidence for the 
existence of zsomaltose among the diastatic conversion products of starch. 
They rather indicate that starch is split into maltose, the yield of this sugar 
closely approaching the theoretical. 

From the genetic point of view the conclusion of particular interest to 
which these results point is that the two kinds of starches, waxy and non-waxy, 
are alike with respect to the ultimate sugar unit of which they are composed. 


Rate of hydrolysis with malt amylase. 


The foregoing studies indicate that waxy and common maize starches are 
composed of the same sugar residue, for both produce maltose on diastatic 
hydrolysis. Perhaps the essential difference between the carbohydrates lies in 
the manner in which the sugar molecules are united, that is, in the structure 
of the starch constituent molecules. If this is the case, one might expect that 
on treatment with a given amylase preparation the two starches would be 
hydrolysed at different rates. 

Nine tests have been made on the rate of maltose formation from waxy 
and non-waxy starch pastes treated with a common enzyme under closely 
comparable conditions. The results are presented in Tables I and II. In 
tests 1 and 2 waxy starch prepared in the laboratory was compared with a high 
grade commercial sample. In the remaining experiments both the waxy and 
common maize starches used were separated from the two respective classes 
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of seed on segregating ears and purified by ourselves. The method employed 
. in preparing these starches [Brink and Abegg, 1927] yields a product of very 
high purity. 

Except in test 1, where an enzyme preparation of relatively low diastatic 
power was employed, one lot of malt amylase was used throughout. This was 
prepared from malt extract by diluting the latter with water to one-fifth 
and then treating it with three volumes of 95 % alcohol. The precipitated 
amylase was dried with absolute alcohol and stored in powder form. This 
preparation, which was used in several of the experiments discussed earlier, 
showed a diastatic power (p.P.) of 170 on the Lintner scale. This is a relatively 
high activity. 

The starches were gelatinised in hot water and brought to volume after 
cooling. The acidity was adjusted with dilute acetic acid to approximately 
Py 4:5. The amylase was weighed out and dissolved in water and the required 
amounts were measured with a pipette. In each trial the digestions of the waxy 
and non-waxy starches were carried out side by side in the same water-bath. 

At the intervals shown in the tables, 50 cc. samples of the conversion 
liquids were taken for maltose determinations. The amylase was inactivated 
by boiling. The reducing power was determined by the iodimetric method of 
Baker and Hulton [1920]. 

In computing the results the amount of maltose found is expressed as a 
percentage of the amount of moisture-free starch initially present. In test 5 
the maltose values are reported in terms of the “total solids in solution” 
computed from the specific gravity of the liquid by means of a solution factor. 
The two methods give values which are closely alike after about 1-5 hours’ 
digestion but prior to this the gravity basis yields higher percentages. 

The conditions under which several conversion tests were carried out differ 
particularly with respect to concentration of amylase and the temperature 
as follows. 

Test 1. 5-0 % starch pastes; 0-3 g. malt diastase of p.p. 50 in 1000 cc.; 
temp. ca. 50°. 

Test 2. 4-0 % starch pastes; 0-03 g. malt diastase of D.p. 170 in 800 cc.; 
temp. 35°. 

Test 3. 4-0 % starch pastes; 0-01 g. malt diastase of D.p. 170 in 600 cc.; 
temp. 35°. 

Test 4. Same as test 3. 

Test 5. 4-0 % common starch paste, 4-2 94, waxy starch paste; 0-2 g. malt 
diastase of D.P. 170 in 700 cc.; temp. 50°. 

Test 6. 4-0 % starch pastes; 0-005 g. malt diastase of D.P. 170 in 350 cc.; 
temp. 35°. 

Test 7. 4-0 % starch pastes; 0-01 g. malt diastase of D.p. 170 in 350 cc.; 
temp. 35°. 


= 


Test 8. Same as test 7. 
Test 9. Same as test 7. 
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Table I. Maltose (%%) reckoned on moisture-free starch. 





Time (hours)... we ¢ 4 1 1} 2 3 5 8 25 
Test 1 Common starch 33°38 43:6 47-9 514 51-1 53-9 56-5 56-2 62-0 
Waxy starch 37-7 44-1 45-7 47-6 47-8 47-8 49-9 51-0 54-4 
Time (minutes) ... oa, ae 20 30 50 70 90 120 180 
Test 2 Common starch 13-0 19-7 27-5 39-3 48-1 50-2 51-1 67-2 
Waxy starch 12-5 14-6 19-0 28-7 30-8 36-3 40-5 54-5 
Time (minutes) ... eos 15 30 90 180 270 
Test 3 Common starch 22-5 33-5 47-5 63-5 71-0 
Waxy starch 21-0 33-5 47-5 66-0 71-5 
Test 4 Common starch 19-0 29-0 47-5 64-5 73-0 
Waxy starch 18-5 26-5 48-0 64-5 69-5 
Time (minutes) ... 15 45 120 210 
Test 6 Common starch 5:7 16-2 32-9 . 42-6 
Waxy starch 7-4 15-0 25-3 26-7 
Time (minutes) ... ee 15 45 90 180 
Test 7 Common starch 13-2 28-4 45-6 59-2 
Waxy starch 13-2 22-8 32-7 42-8 
Test 8 Common starch 20-9 36-9 52-8 63-3 
Waxy starch 18-4 34:5 48-3 58-1 
Test 9 Common starch 14-9 29-9 46-4 61-2 
Waxy starch 11-9 28-5 42-4 54-2 
Aver. Common starch 16-3 31-7 48:3 61-2 
Waxy starch 14-5 28-6 41-1 51-7 


Table II. Maltose (%) reckoned on moisture-free starch. 


Time (hours)... aes 4 1 3 6 10 
Test 5 Common starch 76-4 80-6 86-4 89-0 92-5 
Waxy starch 70-6 76-0 79-3 84-1 88-1 


In seven of the nine comparative tests maltose is formed more rapidly from 
the common starch than from the waxy starch. In the two remaining trials, 
tests 3 and 4, there is no certain difference in either direction. In test 1 the 
initial waxy samples gave higher percentages of maltose but the subsequent 
tests do not bear out this finding. Analysis of conversions attenuated through 
using small amounts of enzyme and a temperature of 35° shows that from the 
beginning the non-waxy starch is hydrolysed more rapidly. 

In test 5 where conditions were favourable for rapid conversion the 
difference in rate in favour of the common starch is maintained to the stage 
where the digestion is about 90 % complete. 

Tests 7, 8 and 9 were carried out with the greatest degree of refinement 
and the respective average percentages of maltose are plotted in Fig. 1. 

The weight of evidence clearly favours the conclusion that malt amylase 
converts the common maize starch to maltose more rapidly than it does waxy 
starch. This is an important result for it gives some basis for thinking that 
there is a fundamental structural difference in the molecules of waxy and non- 
waxy starch. 


Bioch. xx , 37 








1358 R. A. BRINK 


Intermediate products in amylase hydrolysis. 


It is a matter of interest whether the same intermediate compounds between 
starch and maltose are formed when the waxy and non-waxy reserve carbo- 
hydrates undergo diastatic hydrolysis. Some light is thrown on this question 
by observations on the optical activity of the conversion liquids during the 
digestion. In test 5 (Table II) such observations were made and were com- 
puted. In Fig. 2 the specific rotations are plotted against the percentages of 


maltose. 
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{ Fig. 1. Rate of maltose formation from the Fig. 2. Specific rotations of the conversion 
waxy and non-waxy starches when treated liquids during hydrolysis of the waxy and 
with a common enzyme, malt amylase. non-waxy starches with malt amylase. 
Average of results in tests 7, 8 and 9. Test 5. 


The specific rotation of maltose is + 138°. The values for the dextrins, 
intermediate products between starch and maltose, are higher. The conversion 
liquid contains maltose and probably a complex mixture of dextrinous 
materials. If the optically active substances in the conversion liquids are 
identical in nature, waxy and non-waxy samples containing the same per- 
centages of maltose will have the same specific rotations. Fig. 2 shows, however, 
that the values for the common starch stand about 14° higher than those for 
waxy starch when comparison is made between solutions containing corre- 
sponding amounts of maltose. This means that the intermediate compounds 
between the initial polysaccharide and the sugar are different in the waxy 
and non-waxy conversion liquids. 

These results afford further evidence in support of the conclusion that the 
waxy and non-waxy starches differ in molecular structure or in the degree of 
association of their elementary molecules. 
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Phosphorus content of waxy starch. 


A number of workers have shown that starch contains phosphorus which 
is not removed by strong acids and bases at ordinary temperatures or by 
dialysis. Samec [1914] has concluded that the substance is present in organic 
combination. Karrer [1925] suggests that the phosphorus compound represents 
a small impurity in the a-amylose portion. Weight is lent to this view by the 
fact that Northrop and Nelson [1916] have isolated from starch an ester 
containing 5-3 % of phosphorus. 

The amount of phosphorus in starch may be accurately and conveniently 
measured by a modification of the method of Briggs [1922]. The procedure is 
as follows. 5 g. of starch are incinerated at low heat. The ash is heated with 
about 80 cc. water on a steam-bath at 100°. 1 cc. of 5 % ammonium molybdate 
in 5N H,SO, and 1 ce. of 1 % quinol slightly acidified with H,SO, are 
added. Identical treatment is given to a blank containing a known amount 
of a solution of KH,PO, containing 1 mg. P per cc. The concentration of 
phosphorus in the blank is adjusted by preliminary trial to approximate closely 
that in the unknown. After treating the solutions for 30 minutes, they are 
cooled and made up to 100 ce. 50 cc. of the blank and the unknown are taken 
and 1 cc. of a 20 % solution of sodium sulphite is added to each. After standing 
10 minutes the solutions are made up to 100 cc. and the tints compared. 

Phosphorus determinations carried out in duplicate according to the above 
procedure gave 0-0192 % for common maize starch and 0-0016 % for the waxy 
starch. A repetition of the test gave practically the same results, namely, 
0-0194 9% (common) and 0-0015 % (waxy). Waxy starch, therefore, contains 
only about one-twelfth as much organic phosphorus as does common maize 
starch. . 

The low content of phosphorus in the waxy starch is not due to a deficiency 
of this element in the endosperm tissue. Using the same methods of analysis 
as with starch, endosperm meal from common maize was found to have 
0-0519 94 P while comparable waxy endosperm meal contained 0-0507 %. 
Duplicate determinations again gave closely similar results. 

Practically equal amounts of phosphorus are present in the endosperms of 
waxy and non-waxy maize but in the former case only a minute amount is 
combined with the starch. 

SUMMARY. 


1. The waxy and non-waxy maize starches contain nearly equal pro- 
portions of a- and f-amylose. It is considered that treatment with barley 
amylase is a better means of measuring the f-amylose content of a starch 
than the centrifugation method of Sherman and Baker. 

2. When treated with malt amylase the waxy and non-waxy starches both 
produce maltose. Traces of glucose also occur in the conversion liquids, and the 
latter are never entirely free from dextrinous materials. The fact that maltose 
is the main hydrolytic product is taken to mean that the sugar unit entering 
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into the formation of the two kinds of starches is the same. It is concluded 
that the waxy gene exerts its differential effect subsequent to the synthesis 
of the sugar molecules. 

3. Under the action of malt amylase common maize starch is hydrolysed 
to maltose more rapidly than waxy starch. It is suggested that the waxy gene 
may modify the starch molecule in some way which puts it slightly out of 
adjustment with malt amylase. 

4. It is recognised, however, that the possibility is not definitely excluded 
that the essential difference between the two starches may be one of degree of 
association of a common fundamental molecule. 

5. During the conversion to maltose with malt amylase waxy starch forms 
intermediate products of a lower specific rotatory power than does common 
maize starch. If dissociation and depolymerisation of the starch are completed 
in the initial stages of the conversion this means that the difference between 
the waxy and non-waxy carbohydrates lies in the character of their constituent 
molecules. It may be, however, that some undissociated or polymerised starch 
persists even until the later stages of digestion. If this is the situation the 
difference in the optical properties of the respective solutions may be due 
either to a difference in the constituent units or in the degree of polymerisation 
or association. 

6. Common maize starch of high purity contains over twelve times as 
much organic phosphorus as does waxy starch prepared in the same way. 
The low content of phosphorus in waxy starch is not due, however, to a 
deficiency of this element in the endosperm tissue. Analyses show that the 
total phosphorus content of waxy and common endosperm meal is nearly the 
same. The significance of the differences in amount of combined phosphorus 
is not clear. 


A considerable part of the work reported here was done in the Department 
of the Biochemistry of Fermentation at the University of Birmingham. 
Grateful acknowledgment is made to Prof. A. R. Ling and Dr D. R. Nanji 
for instruction in methods and for a critical interest in the problem. The 
investigation was carried on under the auspices of the National Research 
Council (U.S.A.), to which the author is indebted for a Fellowship in biology. 
The author is also indebted to his colleague, Dr K. P. Link, for helpful 
criticisms in the preparation of the manuscript. 
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CLXXI. STUDIES ON THE ANTINEURITIC 
VITAMIN. 


II. THE PROPERTIES OF THE “CURATIVE” 
SUBSTANCE. 


By JOHN LEWIS ROSEDALE 
AND CHRISTOPHER JOSEPH OLIVEIRO. 


From the Biochemical Department, King Edward VII College 
of Medicine, Singapore. 


(Received September 3rd, 1928.) 


In preparing extracts of the water-soluble vitamin from rice polishings, we 
noticed that, unless precautions were taken, alcoholic fermentation readily 
occurred at laboratory temperature. This fermentation was due to the presence 
of yeasts, and while yeast has the power of synthesising at least one of the 
water-soluble vitamins, it has been shown that its growth in wort, or in 
cultures containing substances which are possibly akin to these vitamins, is 
superior to that obtained on purely synthetic media [Nelson, Fulmer and 
Cessna, 1921; Harden and Zilva, 1921]. 

It was decided, therefore, to ascertain whether fermentation had any 
deleterious effect upon our extracts. 

When our original extract was fractionated by lead acetate, we observed 
that the filtrate, which contained the curative factor, alone underwent 
fermentation. The precipitate portion could not be induced to grow yeasts. 
During the progress of our experiments a paper by Kon and Drummond 
[1927] appeared, in which they show that the activity of sucroclastic enzymes 
is not diminished in the polyneuritic pigeon, which, these authors state, 
is not in accord with the experiments of Farmer and Redenbaugh [1925]. 
The inference drawn by Kon and Drummond that vitamin B is associated 
only with protein metabolism, and bears no relationship to the metabolism of 
fat and carbohydrate, appears at variance with the evidence of Randoin 
and Simmonet [1924], and of Plimmer, Rosedale and Raymond [1927]. 

At the time of the arrival of Kon and Drummond’s paper, our first series 
of experiments was giving evidence of deterioration of our extract by fermen- 
tation, so that it became of interest to ascertain whether any reason for 
metabolic disturbance could be obtained from our birds. 

Although Plimmer and Rosedale [1922] investigated the distribution of 
enzymes in the alimentary canal of the normal chicken, we could find no such 
data for the normal pigeon, so that we were obliged to secure this in order to 
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compare with pathological cases. Our investigations have been extended to 
human cases. Our data seem to indicate a difference between normal and 
beriberi cases as regards the pancreas where we have noticed the absence of 
trypsin and lipase. Our extract has been similarly examined for enzymes, 
and while our active (unfermented) preparation invariably shows marked lipo- 
clastic action, we have been unable to establish the presence of proteoclastic 
enzymes. 


EXPERIMENTAL. 


Our extracts were prepared according to the procedure of Rosedale [1927], 
by extracting rice polishings in 1 % acetic acid at 40° for 8 hours, filtering, 
and concentrating 7m vacuo at 40° to such a volume that 1 cc. corresponds to 
1 g. of the original polishings. This extract was then treated with lead acetate 
until no further precipitate could be obtained, when it was filtered. This 
filtrate was subsequently concentrated to the original volume and constitutes 
the extract which is the subject of the experiments reported in this paper. 
The extract can be kept from fermenting for some time in our animal house, 
which is a cool building, shaded from the sun for the greater part of the day. 
In the laboratory, where the average temperature is 30°, fermentation usually 
sets in after standing for 24~36 hours. 

lst series. On June 22nd four pigeons were started on a white rice diet 
which was given ad lab. and in addition received daily 5 cc. of our extract. 
On the same day three pigeons suffering from typical polyneuritis were cured 
by a 5 ce. dose of this batch of extract. This extract was kept in the laboratory 
and fermentation was evident on the following day. On July 15th it was clear 
that the appetite of the birds had fallen, and their food was scattered about 
the cage. On July 25th all the birds showed signs of weakness and only one 
could mount to the perches. One bird died on July 30th, a second and a third 
on Aug. 8th, while the fourth was chloroformed on Aug. 19th. 

2nd series. On Aug. 1st two birds suffering from polyneuritis were cured 
by 5 cc. each of a fresh batch of extract, 500 cc. of which were set aside in the 
laboratory and allowed to ferment. On Aug. 8th four pigeons were placed on 
a diet of white rice. Plimmer, Rosedale and Raymond [1927] have shown that 
results similar to those obtained in the Ist series may occur when feeding 
vitamin extracts in too small a proportion in the diet. In view of this and 
also of the fact that three of the birds in our Ist series had already died, it was 
decided to give 10 cc. of the fermented extract daily to each bird. The scattering 
of food was first recorded on Aug. 15th and food consumption was greatly 
reduced after Aug. 20th. The first death occurred on Sept. 2nd and the 
succeeding ones on Sept. 4th, 5th and 10th. Post mortem examination showed 
the dropsical condition in the third bird, while the others exhibited the dry 
condition. The organs of these birds as well as of the last bird in the 1st series 
were used for the study of enzymes. 

These series indicate a loss of vitamin from the fermented extract. 
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The subsequent series were planned to ascertain whether sterilisation of 
the extract, which prevented fermentation, would have any effect on the 
vitamin content. Fresh extracts were first tested in 5 cc. doses upon birds 
suffering from typical polyneuritis. These proved the extracts to be capable 
of curing. The extracts were then sterilised either by filtration through a Berke- 
feld filter or by heating at 95° for 5 minutes. The sterilisation was kindly 
carried out for us by Prof. W. A. Young in the following way. The filtered 
extracts were prepared by filtration through previously tested Berkefeld filter 
‘candles into heat-sterilised flasks, which were subsequently plugged with 
sterile cotton wool. The heat-sterilised extracts were sterilised in previously 
heat-sterilised flasks plugged in the usual way. 

Both extracts were distributed into flasks in quantities sufficient for one 
dose so that a fresh and sterile dose was given on each occasion and any 
danger of aerial contamination from using a previously opened flask was 
avoided. Before using, sterility tests were carried out on each batch of extract. 

(a) Aerobic cultures. Samples were inoculated into nutrient broth tubes, 
into glucose broth and litmus milk, and on to agar and Sabouraud’s agar 
slants. 

(b) Anaerobic cultures. Samples were inoculated into Robertson’s meat 
medium. 

Extracts were used if all test media were sterile at the end of 48 hours, 
but the tests were kept under observation up to 14 days. No growth was 
found to occur in any test medium which had not appeared at the end of 
48 hours. One batch only was found to be contaminated with aerobic sporing 
organisms, and was discarded. 

3rd series. On Sept. lst eight pigeons were placed upon white rice, four 
receiving daily 10 cc. of the filtered extract, and the remaining four 10 cc. of 
the heated extract per bird. All these birds died within 34 days of the com- 
mencement of the experiment, and the results are shown in Table I. 


Table I. 
Date of death Nature of extract fed Results of post mortem examination 
Sept. 19 Filtered Dropsy 
23 Filtered Dropsy 
24 Heated Dry, enlarged heart 
24 Heated Dropsy 
26 Heated Dry, enlarged heart, yellow liver 
30 Filtered Dry, enlarged heart, yellow liver 
Oct. 2 Filtered Dropsy 
4 Heated Dropsy 


The only case of typical head retraction occurred in the last bird on 
Oct. 2nd. A dose of 5 cc. of a fresh extract effected a temporary cure of the 
typical condition, but the bird died on Oct. 4th. 

4th series. Opportunity was taken of repeating the 3rd series. On June 
27th, 1928, eight birds were again placed on a white rice diet. Four each 
received daily 10 cc. of the filtered extract, and four 10cc. of the heated extract. 
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These doses were from batches of extract sterilised by Prof. Young in 
Aug. 1927, but although they had stood (plugged) at laboratory temperature 
for many months they showed no visible fermentation or deterioration. The 
first bird died on July 17th and the last on July 29th. No case of the typical 
head retraction was observed in this series. 

Sterilisation of the extract by filtration and by heat destroys the vitamin. 


Diastase 

Invertase 
Lactase... 
Lipase ... 
Proteoclastic in 


Experiments with the enzymes of the alimentary canal. 


The methods employed followed closely those of Plimmer and Rosedale 
[1922] and are consequently limited to qualitative detection. The various 
organs were taken from birds as soon after death as possible and several 
experiments were made with both normal and pathological pigeons. The crop 
and intestines were cut open and well washed. The mucous membrane was 
scraped off, ground with sand and extracted with water. The secretion from 
the proventriculus was placed directly into water and filtered. The pancreas 
was ground up with sand and extracted with glycerol. After extraction, water 
was added and the sand filtered off. 

As substrates we used for diastase and invertase 10 cc. of a 1 % starch 
solution and a 1 % sucrose solution respectively. Two portions of each were 
measured into separate flasks, a known volume of tissue extract being added 
to one and an equal volume after boiling and cooling to the other to serve 
as control. After incubation, tests were made for starch with iodine and for 
glucose in the sucrose series. 

Lipase. Two equal portions of olive oil were placed in separate flasks and 
made just alkaline to phenolphthalein. Tissue extract was added to one and 
an equal volume of boiled extract to the other. The discharge of the colour 
from the flask containing unboiled extract, in distinction to no change of 
colour in the boiled, was taken as an indication of the presence of lipase. 

Proteoclastic enzymes were detected by their action on Congo red fibrin in 
acid, alkaline and neutral media. Similar volumes of extract and weighed 
quantities of fibrin were used in the experimental and control tubes. An equal 
volume of dilute acid or alkali or distilled water was added to each tube. 
Toluene was employed as preservative. Enzyme action was judged after 
incubation by the solution of the fibrin. The controls did not show any solution 
of the fibrin. 


neutral media 


Proteoclastic in acid media ... 
Proteoclastic in alkaline media 








Table IT. 
Crop Proventriculus Pancreas Intestine 
c he Y — ae as ae na ints N 
Poly- Poly- Poly- Poly- 
Normal neuritic Normal neuritic Normal neuritic Normal neuritic 
pigeon pigeon pigeon pigeon pigeon pigeon pigeon pigeon 
+ +slow 0 +slow ++ ++ + + 
a 0 0 0 0 + +slight + +slight 
. +slight 0 0 0 0 0 0 0 
. ° . + 0 * . 
0 0 0 0 +slight 0 +slight 0 
0 0 ++ ++  +slight 0 0 +slight 
0 0 0 0 ++ 0 + 0 
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The results (Table II) with the normal pigeon agree closely with those of 
Plimmer and Rosedale for the chicken. The polyneuritic pigeons, which were 
taken from the series of feeding experiments described above, appear to show 
differences. In each case sucroclastic enzymes were present. In no case have 
we been able to observe any tryptic action in the pancreas. In the intestine 
no proteoclastic enzyme has been detected except in the case of the bird from 
our 2nd series which died on Sept. 5th. In this case we found a slight hydrolysis 
of the fibrin in acid medium. The pancreas of this bird also exhibited lipoclastic 
action, though in no other case were we able to demonstrate the action of 
lipase in the pancreatic extracts. This bird on post mortem examination showed 
the wet or dropsical condition. 

We had the opportunity of carrying out similar experiments with the 
human pancreas, from both normal and beriberi cases. While trypsin and 
lipase were readily demonstrated by our methods in the normal cases, neither 
was observed in the beriberi cases which were reported to us as being of the 
dry type. 

Enzymes of the extract of rice polishings. 

Owing to the observation of alcoholic fermentation and the presence of 
yeasts we have made no further experiment with sucroclastic enzymes, but 
in view of the results with beriberi animals we have attempted to ascertain 
the presence of proteoclastic enzymes and of lipase. As already stated, we 
have not been able to show the presence of the former, but lipase has been 
found to be present. The technique was similar to that employed for tissue 
extract and we used 20cc. in each experiment as enzyme solution, each 
experiment being controlled by an equal volume of boiled extract. In no case 
did any of our controls show any sign of action. 


DIscussIoNn. 


Our results indicate that during polyneuritis, metabolic disturbances occur 
involving a certain amount of inactivation of the pancreas. In the “dry” 
cases we have found failure of both proteoclastic and lipoclastic enzymes, 
although our methods are unable to show any deterioration of sucroclastic 
enzymes. Since lipoclastic enzymes appear to be inactive, and as our diet 
of white rice alone contains but little protein, we cannot conclude with Kon 
and Drummond that vitamin B bears relationship only to protein metabolism. 
Plimmer, Rosedale and Raymond [1927] found that the balance between 
vitamin B and protein was more difficult to demonstrate than that between 
carbohydrate or fat and vitamin B, but the experiments of Reader and 
Drummond [1926] leave no doubt that protein is similarly affected. 

From our general results we consider that the curative substance has at 
least some control over the action of pancreatic enzymes. Work in progress 
by one of us on the bile of polyneuritic animals prevents the conclusion at the 
moment, however, that the curative substance itself is enzymic. 








ANTINEURITIC VITAMIN 1367 


SUMMARY. 


1. The antineuritic vitamin of an extract of rice polishings is destroyed 
by fermentation and by sterilisation. 

2. The potent curative extract of rice polishings contains sucroclastic and 
lipoclastic enzymes, but it has not been possible to show the presence of 
proteoclastic enzymes. 

3. In cases of “dry” beriberi, the pancreas has been found incapable of 
lipoclastic and tryptic digestion. 


We should like to take this opportunity of thanking Prof. Young for so 
kindly carrying out the sterilisation of the extracts for us. 
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CLXXII. BACTERIAL OXIDATIONS BY 
MOLECULAR OXYGEN. 


I. THE AEROBIC OXIDATION OF GLUCOSE AND ITS 
FERMENTATION PRODUCTS IN ITS RELATION 
TO THE VIABILITY OF THE ORGANISM. 


By ROBERT PERCIVAL COOK anp MARJORY STEPHENSON. 
From the Biochemical Laboratory, Cambridge. 


(Received September 15th, 1928.) 


In recent studies much attention has been directed towards bacterial oxidations 
in which compounds have been oxidised at the expense of reducible dyes, 
nitrates, fumarates, etc. It is obvious however that for any organisms growing 
aerobically the most important hydrogen acceptor is molecular oxygen and 
that consequently a study of aerobic oxidations is essential if a true picture 
of the normal life of the cell is to be obtained. 

The power to effect the oxidation of their own cell material by molecular 
oxygen was shown by Callow [1924] to be common to aerobes and facultative 
anaerobes; this was demonstrated by measuring the oxygen uptake of washed 
bacteria suspended in buffer solution in a Barcroft manometer; organisms in 
these conditions take up 5 to 25 cc. of oxygen per g. of dry cell per hour; two 
organisms only amongst those examined were practically lacking in this 
faculty, viz. B. sporogenes, the only strict anaerobe reported on, and S. acidi 
lactici, a facultative anaerobe resembling the strict anaerobes in possessing 
no catalase. 

It is obvious that many aerobes and facultative anaerobes possess the 
power of oxidising not only the simple carbohydrates but also their fermenta- 
tion products since aerobic growth is known to occur on lactate, acetate, 
succinate, glycerol, etc. where these form the only source of carbon [Braun 
and Cahn-Bronner, 1922; Stephenson and Whetham, 1924]. In the course of 
the present inquiry we have confined ourselves chiefly to oxidations by B. coli, 
though experiments have also been carried out with B. alkaligenes and with 
B. sporogenes; we have sought to discover (1) the degree of oxidation sustained 
by glucose and some of its fermentation products, viz. lactate, acetate, formate 
and ethyl alcohol, in conditions highly favourable to aerobic oxidation; (2) the 
state of the organisms responsible for the process, 7.e. whether they be living 
or dead, and if the former whether multiplying, at rest or dying off. 
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METHOD. 


The organisms were grown on tryptic broth agar containing 0-5 °% sodium 
lactate; after 24 hours the growth was washed off with phosphate buffer and 
centrifuged; the organisms were washed twice with Ringer’s solution and 
finally suspended in about 100 cc. of Ringer’s solution, aerated for 15 minutes 
to make an even suspension, and kept at 0°. It is important to use Ringer’s 
solution for this purpose in preference to saline or phosphate buffer as by this 
means a more actively oxidising suspension is obtained. This stock suspension 
obtained from 12 agar plates of 54 inches diameter contains from 6 x 10° to 
8 x 10! organisms per cc. The suspension is diluted with an equal volume 
of Ringer’s solution before use and 1 cc. employed for each oxidation. The 
oxidisable materials were usually made up in solutions of M/100 strength; 
glucose was used in M/200 strength in order to compare directly with M/100 
lactate. The purest chemicals obtainable were used; the strength of the acids 
was checked by titration; in the case of lactic acid a known volume (excess) 
of N/10 NaOH was added to 10 cc. of approximately N/10 lactic acid and the 
mixture autoclaved in order to hydrolyse the lactone present and the excess 
of sodium hydroxide titrated back with HCl and made up so as to contain 
exactly N/100 sodium lactate; glucose was estimated in M/10 solutions by the 
method of Wood-Ost. 

The oxidations were carried out in the Barcroft differential manometer 
using the flat-bottomed cups employed in tissue oxidations. The cups were 
filled as follows. 

Left-hand cup 1: 1 cc. buffer (usually py, 7-4); 1 cc. bacterial suspension; 
1 cc. water. 

Right-hand cup 2: 1 cc. buffer; 1 cc. bacterial suspension; 1 cc. oxidisable 
material M/100. The experiments were carried out in a bath at 40°; 3 minutes 
were usually allowed for the cups to acquire the temperature of the bath before 
the taps were closed off; this renders the results somewhat too low, the extent 
of the error may be gauged by extrapolation. A large number of observations 
showed that the method was subject to an error of + 10%. 

The organisms themselves in the absence of any oxidisable material take 
up oxygen amounting to about 70 mm.? per hour; it is assumed that in our 
experiments this endogenous uptake is balanced in each pot; 7.e. that the 
presence of the oxidisable material in cup 2 causes no change; no way of 
checking this assumption has suggested itself but the possibility that our 
experimental error may be due to an unbalanced endogenous oxidation is not 
excluded. 


The oxidation of glucose, lactate and pyruvate. 


The amount of oxygen taken up by glucose and lactate is almost identical 
amounting to 433 mm. of oxygen per cc. M/200 glucose (average of 28 obser- 
vations) and 438 mm.? per cc. M/100 lactate (average of 15 observations) (see 


Table I). 
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Table I. 


mm.* OQ, taken up by 1 ec. M/200 glucose. 
436 426 396 460 456 452 454 380 388 405 510 497 495 476 450 
395 452 412 513 415 481 385 432 396 377 413 412 412. Average 433 


mm.* O, taken up by 1 cc. M/100 lactate. 
475 442 400 448 460 490 444 470 463 392 398 460 417 421 405. 
Average 438 

This approximates fairly closely to 4 atoms of oxygen per molecule of 
lactate or per half molecule of glucose (448 mm.®%), 6 atoms being required for 
complete oxidation in each case. 
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Fig. 1. Oxidation of 1 cc. M/200 glucose. At the point indicated by the arrow the curve A shows 
the effect of the addition of 1 ec. M/200 glucose. Curve B shows the effect of adding 1 ce. 
of fresh bacterial suspension. I and II correspond to the theoretical values for 8 and 12 atoms 
of oxygen respectively per mol. of glucose. 


The initial rate in the case of glucose is somewhat slower than in the case 
of lactate; this is apparent from the slope of the curve of two oxidations taken 
simultaneously; it was also demonstrated by oxidising M/200 glucose in one 
Barcroft cup and M/100 lactate in the other; the readings of the manometer 
showed a negative pressure on the lactate side in the early stages of the 
experiment though later an equilibrium was achieved. 

M/100 pyruvate (prepared from pyruvic acid freshly distilled at 1 mm. 
pressure) takes up oxygen approximating to 3 atoms of oxygen per molecule 
(Fig. 2) agreeing with the fact that lactate passes through the stage of pyruvate 
during aerobic oxidation by loss of 2 atoms of hydrogen [Stephenson, 1928]. 
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Fig. 2. Oxidation of M/100 lactate and M/100 pyruvate. I and II correspond to the theoretical 
values for 3 and 4 atoms respectively of oxygen per mol. of pyruvate and lactate. 


The oxidation of acetate, ethyl alcohol and acetaldehyde. 


Acetate is rapidly oxidised, the uptake amounting to 3 atoms of oxygen 


per molecule of acetate, 4 being required for complete oxidation (Table II, 
Fig. 3). 


Table II. 


mm.3 O, taken up by 1 cc. M/100 acetate. 
355 386 371 350 308 347 325 350 337 346 314. Average 335 

Ethyl alcohol (1/100) remains completely unoxidised; this might be 
attributed to two causes, either failure of the organism to activate the molecule 
or to toxic properties; in order to decide between these alternatives M/100 
ethyl alcohol was added to M/100 lactate in order to show whether the 
presence of the former at this concentration inhibited the oxidation of the 
latter; no inhibition was observable (see Fig. 4) and we must therefore conclude 
that its failure to become oxidised is due to the lack of the appropriate enzymes 
in the organism concerned. 

Acetaldehyde also gives no oxygen uptake; this is not due to its toxic 
nature since in M/100 and M/200 concentrations it exerts no inhibition on 
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the oxidation of M/200 glucose (Fig. 5). Its failure to become oxidised is 
unexpected in view of the generally accepted theory that ethyl alcohol and 
acetic acid arise in fermentation through the dismutation of acetaldehyde; 
this would lead us to expect that in the conditions of our experiments 2 mole- 
cules of acetaldehyde would give rise to one molecule of ethyl alcohol which 
would remain unoxidised and one molecule of acetic acid which would take 
up 3 atoms of oxygen as already shown. 
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Fig. 3. Effect of exposure of the bacterial suspension to ultra-violet light on the subsequent 
oxidation of 1 cc. M/100 acetate. 


Time of exposure (in mins.) es 0 20 
Total number of organisms present 3-04 x 101° 3-04 x 10% 
Number of viable organisms present 1-04 x 101° 2-80 x 107 


I corresponds to the theoretical value of 3 atoms of oxygen per mol. of acetate. Four 
atoms represent complete combustion. 

The fate of the acetaldehyde under the influence of the organism was then 
investigated. In order to avoid the possibility of loss due to evaporation these 
experiments were carried out in 25 cc. Erlenmeyer flasks, the same quantities 
of reagents being taken as in the Barcroft experiments; these were cooled to 
0° before being mixed, and immediately corked and sealed with paraffin wax; 
they were then incubated at 37° for 6 hours. The acetaldehyde was estimated 
by the method of Friedemann, Cotonio and Shaffer [1927] in control experi- 
ments without incubation both in the presence and absence of the organism; 
as the presence of the bacterial suspension made no appreciable difference to 
the results it was not considered necessary to distil off the acetaldehyde before 
making the estimation. 
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Fig. 4. Effect of alcohol on oxidation of M/100 lactate. 
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Fig. 5. Effect of acetaldehyde on the oxidation of M/200 glucose. 
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Table ITI. 


1 cc. M/100 acetaldehyde +1 cc. Ringer +1 cc. water 


lec. M/100 acetaldehyde +1 cc. Ringer+1 cc. bacterial 
suspension 

lec. M/100 acetaldehyde+1 cc. Ringer+1 cc. boiled 
bacterial suspension 

Error due to bacterial suspension 

lec. M/100 acetaldehyde+1 cc. Ringer +1 cc. boiled 
bacterial suspension incubated in stoppered flask for 


A 


ce. NV/1000 iodine 


18-1 ‘ 
180} 18-05 


18-5 10 « 
ise y =e 
18:5 


0-45 


18-8 aR 
17} 18-75 


A x0-05= 
ec. M/100 
acetaldehyde 


0-902 
0-925 
0-925 
0-022 
0-937 


6 hours 
lec. M/100 acetaldehyde +1 cc. Ringer+1 cc. bacterial 10-2 10-15 0-507 
suspension incubated in stoppered flask for 6 hours 10-1 ; 

— 0-937 — 0-507 


Disappearance of acetaldehyde due to incubation with 
bacterial suspension =47 % =0-43 


From the figures in Table III it is clear that at the temperature and con- 
centration of our experiments acetaldehyde undergoes no diminution in the 
absence of the bacteria nor in the presence of boiled bacteria; in the presence 
of active organisms about 47 °% disappears in the course of 6 hours; in the 
absence of an oxygen uptake this cannot be due to an oxidation unless this be 
balanced by a simultaneous reduction which must give an oxidisable material 
(acetic acid), whether it be due to polymerisation or to some other cause is 
undecided. 


The oxidation of formate. 


Formate alone among the substances studied is oxidised to completion 
(Fig. 6). This is noteworthy in view of the fact that Pakes and Jollyman [1901] 
found that B. coli, in the semi-aerobic conditions obtaining in a test-tube 
and in the presence of peptone, decomposes formates with liberation of 
hydrogen; had this occurred in our experiments we should have obtained an 
apparently lower oxygen uptake than that required for complete oxidation 
due to the positive pressure exerted by the liberated hydrogen. In order to 


Time in hours 


Fig. 6. Oxidation of 1 cc. M/100 formate. I corresponds to the theoretical value for 
1 atom of oxygen per mol. formate, i.e. complete oxidation. 
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be sure that this did not occur we repeated the oxidations at an acid reaction 
(py 5°75) still obtaining an oxygen uptake corresponding to complete combus- 
tion. We also carried out three experiments in an atmosphere of nitrogen; in 
these anaerobic conditions liberation of hydrogen would be unbalanced by 
absorption of oxygen and therefore be clearly apparent; for this purpose we 
used a Barcroft apparatus having a side-tube and tap inserted above the 
junction of the cup and the manometer; by means of this tube the cups were 
evacuated after the solutions had been placed in them and nitrogen was passed 
in through a 3-way tap; this was repeated three times, the taps were then 
closed and the apparatus was placed in the water-bath; after 5 minutes the 
taps were opened for a moment for equilibration and the experiment was 
carried on as usual; no evolution of hydrogen was observed in any of the 
three experiments and we therefore concluded that in the conditions of our 
oxidations no evolution of free hydrogen occurred. It is noteworthy that the 
oxidation of formate was not more rapid than that of other substrates studied; 
this is interesting in view of the fact that in the case of methylene blue the 
rate of reduction by formate is 700 times that of acetate though only 1-2 times 
that of lactate [Quastel and Whetham, 1925]. 


The oxidation of glycollate and oxalate. 


Glycollate is very slowly oxidised, the oxidation ceasing when 2 to 3 atoms 
of oxygen have been taken up per molecule of glycollate, 3 being required for 
complete oxidation. Oxalate is unoxidised; this again is not due to toxicity 
since M/100 oxalate causes no inhibition in the oxidation of M/200 glucose. 
Malonic acid is also unoxidised. 

All experiments with boiled bacterial suspension were negative. 


Experiments with B. alkaligenes and B. sporogenes. 


B. alkaligenes was selected as being an example of a strict aerobe and 
therefore more likely than B. coli to carry oxidations to completion. This 
organism differs from B. coli in being unable to oxidise glucose; this accords 
with the fact that it is unable to activate glucose to act as a hydrogen donator 
in the presence of methylene blue [Quastel and Wooldridge, 1925]. Its 
behaviour with lactate however corresponds with that of B. coli, 7.e. 1 molecule 
of lactate takes up approximately 4 atoms of oxygen, 6 being required for 
complete oxidation. With acetate and formate also its behaviour corresponds 
with that of B. coli, i.e. three-fourths oxidation of acetate and complete oxi- 
dation of formate. | 

B. sporogenes was chosen as an example of a strict anaerobe. The organism 
was grown in tryptic broth to which 0-1 % of cysteine hydrochloride previously 
neutralised was added. The organism was grown for 48 hours and centrifuged 
and washed in the usual way; the suspension consisted mainly of vegetative 
cells with but few spores. 


88—2 








1376 R. P. COOK AND M. SREPHENSON 


No oxygen uptake on any of the substrates tested was obtained. The 

following substances were tried: 
broth, M/200 glucose, M/100 lactate, pyruvate and formate. 

In view of the probability that aerobic oxidations involve the activation 
both of the hydrogen donator and of molecular oxygen we considered that the 
failure to obtain oxidations by B. sporogenes might be due to its inability to 
effect the activation of oxygen; if this were the case the oxidation might be 
brought about by the addition of an autoxidisable substance capable of re- 
oxidation by molecular oxygen as is the case with the lactic dehydrogenase and 
methylene blue [Stephenson, 1928]. Accordingly we tried the addition of 
M/3000 methylene blue to lactate, pyruvate and also M/3000 glutathione 
(reduced form) to glucose and broth. No significant oxygen uptake was 
observed in any of these cases. 

It has been suggested [M’Leod and Gordon, 1923] that strict anaerobes 
produce hydrogen peroxide through the aerobic oxidation of their substrates 
and that this accumulates owing to the absence of catalase from these organisms. 
If this were so it must surely be evidenced by an oxygen uptake whether the 
peroxide accumulates as in the case of the Pnewmococcus or whether it causes 
secondary oxidations as in the case of the xanthine oxidase system [Thurlow, 
1925]. An oxygen uptake equivalent to a production of hydrogen peroxide 
amounting to 1 part in 50,000 would be clearly demonstrated in our experi- 
ments; if peroxide production occurs therefore, it must be within these limits. 

We therefore conclude that in the case of this strict anaerobe the oxidative 
mechanisms are either absent or require totally different conditions for their 
manifestation than in the case of aerobes and facultative anaerobes. 


The influence of hydrogen ion concentration. 

The influence of hydrogen ion concentration on the rate of oxidation of 
lactate by B. coli was studied, the rate being measured by the oxygen uptake 
during the first half hour of the experiment. The exchange of phosphate for 
phthalate and borate buffers of the same py made no difference to the rate 
as is shown by the following example. 


Experiment. 
O, uptake 1 cc. 
Time M/100 lactate 
(hrs.) Pu Buffer (mm.*) 
3 5-75 Phosphate 391 
3 5-88 Phthalate 399 
3 7-95 Phosphate 355 
3 7-90 Borate 359 


The py, of the buffers was determined electrometrically. It is seen (Fig. 7) 
that an optimum occurs about py 5-6 but that little fall occurs on passing to 
the alkaline side till py 9 is reached; below py 4-2 and above py 11-0 no 
oxidation occurs; a similar curve for glucose follows approximately the same 
course. This corresponds with the findings of Sherman and Holm [1922], who 
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showed that in optimum salt concentration the growth rate varied but little 
between py 5-3 and 8-3. 
The physiological condition of the organisms (B. coli) responsible for the oxidation. 
As is apparent from the curves, the course of the oxidations exhibits in 
the main the features of an enzyme system, there being no evidence that the 
reaction is dependent on bacterial multiplication; it remains however to 
determine whether the cells responsible for the oxidation are alive or dead in 
the bacteriological sense, 7.e. capable or incapable of multiplication when 
subcultivated ; and if the former, whether during the oxidation period they are 
static, multiplying or dying off. 
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Fig. 7. Effect of hydrogen ion concentration on the rate of oxidation of lactate. 


To determine these points both total and viable counts were made on the 
suspension and viable counts were repeated after the organism had been 
shaken in the Barcroft apparatus (1) with and (2) without oxidisable sub- 
strate, 7.e. in each Barcroft cup at the end of the experiment. The total counts 
were carried out by a method described by Wilson [1922] in which the sus- 
pension, after suitable dilution in 1 % phenolised saline, is counted directly in 
a specially calibrated slide using dark ground illumination. The viable count 
was done by the roll tube method, serial dilutions of the suspension being 
made in sterile Ringer’s solution and drops being withdrawn by means of 
standard dropping pipettes into test-tubes containing about 2 cc. of nutrient 
agar at 45° which was immediately rolled. 


Example of results. 
Total count. 


lec. original suspension + 9 cc. phenolised saline = 10 cc. Tube (1) 
1 ce. (1) rs + 9 cc. = = 10ce. Tube (2) 
1 ce. (2) 3 + 9 ce. 4 = 10ce. Tube (3) 


The organisms in tube (3) were counted direct on the slide, 100 small squares 
being counted in each case and the average number of organisms in one small 
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square thus obtained. The results of three counts were as follows: 4-30, 3-86, 
4-12; average 4-09. 

The volume of one small square being 1/20,000mm.* the number of 
organisms per 0-5 cc. of the original suspension (which is the quantity used 
in each Barcroft cup) = 4-09 x 10%. (Error + 5%.) 


Viable count. 


1 ce: suspension from Barcroft cup + 9 cc. Ringer = 10 cc. Tube (1) 
1 ce. (1) i 2 +9cce. ,, =10cc. Tube (2) 
1 ee. (2) cs " +9cc. ,, =10cc. Tube (3) 
1 ce. (3) - = +9cce. ,, =10cc. Tube (4) 
1 ce. (4) = ” +9cc. , =10cc. Tube (5) 
1 ec. (5) . 5 +9ec. ,, =10cc. Tube (6) 
Serial Colonies per drop 
no. of Drops Colonies Colonies x 76-1* = 
tube taken found per drop colonies per cc. 
6 20 270 13-5) 
6 20 268 13-4 | 13-5 1027 
6 10 137 13-7] 


* 76-1=drops of Ringer’s solution per cc. delivered by dropping pipette. 


In considering the results of our viable count we have allowed for a possible 
error of + 10 %; differences of less than 20 % have therefore no significance. 

It is noteworthy that contaminating colonies were only rarely observed in 
any of the roll tubes. 

We first determined whether keeping the organisms aerated in a Barcroft 
apparatus at 40° resulted in any change in the number of living cells. 1 cc. 
bacterial suspension in Ringer’s solution, 1 cc. phosphate buffer (pq 7-4) and 
1 ce. water were placed in each cup of the apparatus and shaken for 4 hours; 
1 cc. was then withdrawn from each cup, diluted, and a viable count taken 
and compared with the count before treatment; the results given throughout 
this paper represent the number of organisms in the Barcroft cup, see Table IV. 


Table IV. 


Number of organisms in each cup of Barcroft apparatus 








= 
Viable 
After shaking in buffer 
for 4 hours with no 
Total Before experiment oxidisable material Increase 
4-30 x 10” 3-09 x 10° | 4-92 x 10° 
4-12 x 10" 4-09 x 101° 3-16 x 10° -4-72 x 10° 49% 
3-86 x 10% 3-24 x 10°] 4-53 x 10° 


From Table IV it is clear that mere aeration in Ringer and buffer at 40° 
causes some viable organisms to divide, the results agreeing with the sup- 
position that about half the number of viable organisms divide once in 4 hours 
—the course of an average experiment. We next ascertained whether the 
presence of oxidisable material causes a further increase in this multiplication. 
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For this purpose counts were made at the end of the oxidation experiments 
in each cup, the increase on the left representing that which took place in 
Ringer’s solution and buffer, that on the right in Ringer’s solution, buffer and 
oxidisable material. The results are given in Table V. 


Table V. Number of organisms in each cup of Barcroft apparatus. 





% increase during 





Beginning of experiment End of experiment experiment 
Viable Viable Viable 
Total — A oe NR ; A = 
Left cup Right cup Left cup Right cup Left cup Right cup 
without with without with without with oxi- 
Oxidisable oxidisable oxidisable oxidisable oxidisable oxidisable disable 
material Each cup material material material material material material 
Glucose M/200 4-09 x 10'° 3-16 x 10° 3-16 x 10° 5-58 x 10° 7-35 x 10° 76 132 
3} hrs 
Glucose M/200 on ‘a - 4-74 x 10° 7-35 x 10° 50 132 
7 hrs. 
Glucose M/200 = 3-04 x 10° 1-04 x 10” 1-04 x 10%° 1-70 x 10% 2-06 x 101° 63 98 
5 hrs. 
Lactate M/100 4-09 x 10%° 3-16 x 10° 3-16 x 10° 4-29 x 10° 5-46 x 10° 41 73 
2? hrs. 
Lactate M/100 s - re 5-25 x 10° 6-06 x 10° 66 92 
2? hrs. 
Formate M/100 = a 4-95 x 10° 4-92 x 10° 57 59 


63 hrs. 


From Table V it is clear that aeration at 40° without oxidisable material 
causes an increase of 40-76 %; the presence of oxidisable material raising 
this to 59-132 %. One may regard these increases as being due to a 
proportion of the viable organisms being in a state almost ready to divide 
and requiring only the stimulus of the temperature and salts to cause them to 
complete one division; a further number require the extra stimulus of the 
carbon food material. It must be pointed out that no nitrogenous food 
material is present except that obtained from the dead organisms. 

The next question to be answered is whether the oxygen uptake measured 
is due to the living or to the dead cells; in order to ascertain this we reduced 
the number of living organisms by exposure to ultra-violet light from a 
mercury lamp. The lamp used was a K.B.B. atmospheric quartz mercury 
vapour lamp; the culture in Ringer’s solution was placed in a quartz test-tube 
enclosed in a second quartz tube to avoid overheating and clamped 6 inches 
from the lamp; exposures of 20 min. and 30 min. were made, the suspension 
being turned and shaken at intervals; after exposure the culture was diluted 
and a viable count made; oxidations were carried out with the suspension 
immediately after exposure and the rates compared with those of the normal 
organism. Tables VI and VII show the effect of the exposure on the number 
of live organisms; 20 minutes’ exposure leaves approximately 2-74 organisms 
alive out of 1000; 30 minutes’ exposure leaves 2 in 10,000. Fig. 8 shows the 
rate of oxygen uptake on glucose, by untreated organisms and by those 
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exposed for 20 and 30 minutes respectively. The greatest effect is observed in 
the initial stages, the uptake at the end of 30 minutes being reduced in the 
case of the suspension previously exposed for 20 minutes to slightly over one- 
half and in that exposed for 30-minutes to slightly under one-half; by the end 
of one hour the rates are approximately equal. Since the number of living 
organisms has been divided by 370 and 5000 respectively by the 20 minutes’ 
and 30 minutes’ exposure it is quite clear that the living organisms exercise no 
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Fig. 8. Effect of exposure of the bacterial suspension to ultra-violet light on the subsequent 
oxidation of 1 cc. M/200 glucose. 


Time of exposure (mins.) wis 0 20 20 30 
Total number of organisms present 3-04 x 101° 3-04 x 101 3-04 x 101° 3-04 x 101° 
Number of viable organisms present 1-04 x 10% 2-85 x 10? 2-80 x 107 2-16 x 10° 


measurable influence on the oxidation process, the very slight falling off in the 
rate by the exposed cultures being attributable to a slight injury to both dead 
and living organisms similar to that experienced by any enzyme system on 
exposure to ultra-violet light. This experiment also shows that the increase 
in viable organisms in the Barcroft apparatus during the process of oxidation 
has no measurable connection with the oxygen uptake, since in the case of 
organisms previously exposed to ultra-violet light the oxidation is attended 
by a substantial death-rate in the few surviving organisms (Tables VI and VII). 





$e en = 5 rrr eee 
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The oxidation of lactate by exposed suspensions suffers much the same 
slight diminution as in the case of glucose (Fig. 9); that of formate is reduced 
to about one-half (Fig. 10) but even in this case shows no quantitative relation- 
ship to the number of living cells. It is interesting to compare the effect of 
reducing the number of living organisms by radiation with that of reducing 
the total number by dilution (Fig. 11). In the latter case the rate of oxidation 
is roughly proportional to the number of organisms present. 


Table VI. 


Number of viable organisms in Barcroft cup 
before and after exposure to ultra-violet light 


me ™ 
After shaking 











Time of — ——_A________ 
exposure Without oxi- With oxi- 
(min.) Before shaking disable material disable material 
0 1-04 x 10° 1-70 x 10% 2-06 x 101° 
20 2-85 x 10? 6-61 x 108 3-57 x 10° 
30 2-16 x 106 5-35 x 106 1-84 x 10° 
Table VII. 
Relative number of viable organisms before and after 
exposure to ultra-violet light 
cr ; —< 
After exposure 
ia as * 
After shaking in 
Barcroft apparatus 
Before —_—_ 7 
Time of shaking in Without With 
exposure Before Barcroft oxidisable - oxidisable 
(mins. ) exposure apparatus material material 
20 1000 2-74 0-63 0-51 
30 1000 0-207 0-034 0-017 


We may conclude from these experiments that the oxidation phenomena 
studied are the work of dead equally with living organisms. 


Problem of the incomplete oxidation of glucose, lactate and acetate. 


These experiments show that B. coli is capable of oxidising glucose and 
the fermentation products which it produces, with the exception of ethyl 
alcohol and acetaldehyde. The problem opened up by our results is contained 
in the observation that neither glucose, lactate nor acetate is oxidised to 
completion, the two former taking up about two-thirds and the latter about 
three-fourths the amount of oxygen required for complete oxidation. In the 
case of glucose and lactate this ratio has been found to persist throughout 
very varying conditions; it holds throughout the range of hydrogen ion 
concentration at which oxidation occurs and also at varying dilutions; it is 
unaffected by growing the organisms anaerobically instead of on agar plates 
or by killing off the living organisms by ultra-violet light. 
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Fig. 9. Effect of the exposure of the bacterial suspension to ultra-violet 
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oxidation of 1 ec. M/100 lactate. 


Time of exposure (min.) ... 0 20 
Total number of organisms present | 3-04 x 10” 3-04 x 10° 
Number of viable organisms present 1-04 x 101° 2-80 x 107 


I corresponds to the theoretical value for 4 atoms of oxygen per mol. of lactate; 6 atoms 


represents complete combustion. 
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ig. 10. Effect of exposure of the bacterial suspension to ultra-violet light on the subsequent 
oxidation of 1 cc. M/100 formate. 


Time of exposure (min.) ... 0 20 
Total number of organisms present 3-04 x 10 3-04 x 101 
Number of viable organisms present 1-04 x 10% 2-80 x 10’ 


I represents the theoretical oxygen uptake for complete oxidation. 
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Several explanations for this behaviour suggested themselves. The first was 
the possibility that the oxidation fell short of completion owing to the 
destruction of the enzymes responsible. This was tested by removing the 
Barcroft cups after the oxidation had ceased and adding to each 1 ce. of fresh 
bacterial suspension; no further oxidation was however obtained (Fig. 1, 
p- 1370). The alternative device of adding 1 cc. of fresh oxidisable material 
to cup 2 and 1 cc. of water to cup 1 resulted in an immediate renewed uptake of 
oxygen at approximately the original rate (Fig. 1). The idea that the oxidation 
had ceased owing to the destruction of the enzyme was therefore untenable. 


O, mm. 





Time in hours 
Fig. 11. Effect of the dilution of the bacterial suspension on the oxidation of 1 cc. of 17/200 glucose. 


Total number of 
organisms x 10?° 


A=Normal dilution 3-04 
B=4A/2 1-52 
C=A/5 0-608 
D=4/10 0-304 


A second explanation which suggested itself was that by the time two-thirds 
of the glucose or lactate was oxidised the concentration had fallen below the 
threshold at which oxidation could occur. If this were the case, oxidation of 
M/600 (or less) glucose should not occur; oxidation however occurs with 
M/800 glucose, two-thirds the theoretical complete uptake of oxygen being 
again achieved (Fig. 12). It seems fairly certain therefore that oxidation does 
not cease whilst a proportion of the original substrate remains unoxidised and 
we must look in another direction for an explanation of the constant in- 


complete uptake. 
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In the case of acetic acid the uptake corresponds very closely to that 

required to oxidise acetic acid to oxalic acid: 
CH,COOH + 30 = (COOH), + H,0. 

Moreover, since oxalate itself is unoxidised by the organism it seemed likely 
that it might be accumulating as an end-product; should this be the case it 
would be present in the Barcroft cup at the end of the oxidation in M/300 
strength. The possibility of detecting oxalate in this concentration was ex- 
plored; for this purpose 1 cc. buffer + 1 cc. water + 1 cc. M/100 oxalate were 
acidified with one drop of concentrated sulphuric acid and titrated with 
N/100 KMn0O, using a micro-burette; the presence of 1 cc. of bacterial 
suspension strongly reduces permanganate and it was therefore necessary to 
remove the organisms before titration; to do this the contents of the Barcroft 
cup were transferred by means of a curved pipette to a small centrifuge cup, 
the Barcroft cup was washed out twice with 1 cc. of water, and 1 cc. of 20% 
phosphotungstic acid added to the combined contents and washings and the 
whole centrifuged until the supernatant liquid was clear; 5 cc. of the liquid was 
then withdrawn, heated to boiling and titrated with N/100 KMn0Q,. 
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Fig. 12. Oxidation of 1 cc. of M/100, M/400 and M/800 glucose. 


Results. 
ec. V/100 KMnO, 
1-75 
1 cc. M/100 oxalate | 1-70 
1 ce. buffer 1-65 -1-70 
1 ce. water J 1-75 
1-65) 
1 cc. M/100 oxalate \ The whole centrifuged +4 
1 cc. buffer | and 5 cc. of the super- 1.54 1-50 x £=1-80 
1 cc. bacterial suspension{ natant liquid taken 1-50 ee 
2 cc. water ) for titration 1-42 


The experiment was then repeated with the contents of Barcroft cups in 
which 1 cc. M/100 and 1 cc. M/50 acetate had been oxidised; no measurable 
reduction of the permanganate occurred and we have therefore provisionally 
abandoned the hypothesis that acetate is oxidised to oxalate. 
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As previous work has shown that in the case of the Timothy Grass bacillus 
the addition of acetate to the media greatly increased the fat content of the 
cell [Stephenson and Whetham, 1922] it seemed worth while to test whether 
in our experiments the unoxidised acetate might be giving rise to fat. For this 
purpose the oxidation was carried out in a 1000 cc. Erlenmeyer flask through 
which a rapid stream of air was led; two experiments were made, one with 
and one without acetate; the contents of the flasks were as follows: 


Flask 1 Flask 2, control, half-quantity 
100 ce. bacterial suspension 50 cc. bacterial suspension 
100 ce. Ringer’s solution 50 ce. Ringer’s solution 
200 cc. phosphate buffer py 7-4 100 cc. buffer 
200 ce. acetate (=1-2 g. acetic acid) 100 cc. water 


As the experiment was run for 20 hours special precautions were taken to 
ensure that no contaminating organisms were present; the bacteria were grown 
on agar in Roux bottles, washed off with sterile Ringer’s solution and centri- 
fuged and washed with sterile precautions; the suspension was plated at the 
end of the experiment and found to be in pure culture. The experimental flasks 
and the rubber stoppers fitted with entrance and exit tubes were separately 
sterilised and the sterile solutions together with the bacterial suspension 
introduced into the flasks by means of sterile pipettes; finally the stoppers 
were placed in position and sealed with paraffin wax. The entrance and exit 
tubes were protected from contamination by cotton wool plugs and the exit 
tube was fitted with a Kjeldahl trap to act as a condenser and prevent the 
plug from becoming wet. The liquid in the flasks was aerated by a steady 
stream of air passed through by means of an aspirator. The experiment was 
tun for 20 hours; a drop was then withdrawn, diluted and plated and the 
culture was found to be pure. The whole was then centrifuged and the bacterial 
deposit dried in vacuo at 96° treated with 98 % alcohol, evaporated to dryness 
and then extracted with ether in a Soxhlet apparatus. The supernatant liquid 
from the centrifuge cups was passed through a bacterial filter, evaporated on 
a water-bath to about 50 cc. and extracted from neutral solution with ether 
in a liquid extractor. 


Results. 
Experiment Control without 
(with acetate) acetate 
(mg.) (mg. x 2) 
Fat from bacteria 32-5 50 
Fat from solution 38-0 64 


From these results there is clearly no indication that the unoxidised acetate 
gives rise to fat. It is now clear that the fate of the unoxidised portions of 
glucose, lactic and acetic acids can only be investigated by means of work on 
a large scale and we have therefore decided to allow it to form the subject of 
a separate investigation. 
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SUMMARY. 


B. coli is capable of oxidising, by means of molecular oxygen, glucose 


and certain of its products of fermentation, viz. lactate, pyruvate, acetate, 
and formate; ethyl alcohol and acetaldehyde are not oxidised, though in 
the concentrations used they do not act as inhibitors to the oxidation of other 


substances. 


9 


The oxidation of formate is carried to completion; that of glucose and 


lactate to two-thirds and of acetate to three-fourths of completion. 

3. B. alkaligenes differs from B. coli in being unable to oxidise glucose; its 
behaviour to lactate, acetate and formate is similar to that of B. coli. B. sporo- 
genes is unable to oxidise any of the substrates tried. 

4. Oxidations by B. coli are not dependent on living cells; these may be 
originally present in proportions varying from one-third to one-tenth of the 
total number of organisms; on reducing their number by exposure to ultra- 
violet radiation to 0-27 % and 0-021 % of their original number the rate of 
oxidation is only slightly affected. 


We are particularly indebted to Dr G. 8. Wilson, of the London School of 
Hygiene, for personal instruction in the art of counting bacteria. We should 
also like to record our thanks to Sir F. G. Hopkins for his interest in our work. 
One of us (M. S.) is indebted to the Medical Research Council for a full-time 


grant. 
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INTRODUCTION. 


EIGHT years ago observations were made on the adrenalectomised animal 
which gave the impression that the adrenal cortex is in some way involved 
in the mechanism of biological oxidation. A detailed study of the biological 
oxidation was begun in the hope that this study might lead to the under- 
standing of the function of the interrenal system. 

Through several years different animal, vegetable and synthetic oxidising 
systems were studied [Szent-Gyérgyi, 1924, 1, 2; 1925, 1, 2; 1927, 1, 2], but 
no connection could be found between these and the function of the adrenal 
cortex. 

Finally the peroxidase system was examined. Evidence is presented in the 
present paper that the adrenal cortex is connected in some way with this 
oxidising mechanism. 


PART I. 
ON THE FUNCTION OF PEROXIDASE IN THE PLANT. 


1. Some observations on the guaiacum reaction. 


If to the solution of a purified peroxidase a few drops of an alcoholic 
solution of guaiacum and a few drops of 0-01 N hydrogen peroxide are added, 
the immediate development of a blue-green colour proves the activity of the 
peroxidase. But if the same reagents are applied to the press juice of the 
plant, which contains almost the whole of its peroxidase, the reaction remains 
negative, and no colour occurs. This negative result has hitherto generally 
been attributed to the action of inhibitory substances. 

If, for instance, from the roots of the turnip (Brassica rapa) a press juice 
is made, and the above reagents added, no colour appears, although the fluid 
contains a very active peroxidase which, if reprecipitated with acetone, gives 
at once a very strong reaction. 
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If however the quantity of the peroxide added to the crude juice is gradually 
increased, after a certain quantity of peroxide has been added the green 
colour suddenly appears and becomes rapidly deeper on the further addition 
of peroxide. The appearance of this colour depends on the quantity of peroxide 
added. If a quantity of peroxide is added just insufficient to cause the colour, 
standing for any length of time does not bring the colour out. Thus the crude 
juice behaves in the same way as the purified peroxidase, but only after the 
addition of a certain quantity of peroxide. 

This behaviour indicates that the retardation of the reaction in the crude 
juice is not due to an inhibition in the real sense, but that the first quantities 
of H,O, added are not able to oxidise the guaiacum, because they are used up 
in another reaction’. 

The presence of strongly reducing substances in the juice is also indicated 
by the rapid reduction of iodine. If to the juice starch and then 0-01 N iodine 
are added, the first quantities of the iodine are rapidly reduced. This allows the 
titration of the juice with fair accuracy with 0-01 N iodine. (The end-point 
of the titration is reached when the reduction of iodine becomes suddenly 
very slow.) 

If, however, peroxide is added before the iodine, the iodine reduction will 
be found smaller; the decrease of the iodine uptake is equivalent to the 
peroxide added. The substances which reduce iodine are thus oxidised by 
the peroxide. 

This experiment shows that the first quantities of peroxide, which are 
unable to colour guaiacum in the crude juice, are used up for the oxidation of 
a substance which can be oxidised equally well by iodine. 

This can clearly be demonstrated if the experiment is made in the reverse 
order and the iodine is added first, and is followed by the peroxide. In this 
case the quantity of H,O, required for the coloration of guaiacum is diminished 
by an amount equivalent to the iodine previously added. If sufficient iodine 
has been added, the first drop of H,O, will cause the blueing of the guaiacum. 
Thus, if the reducing substance is oxidised by iodine, it is unable to use up 
H,0,. 

This behaviour of the crude juice may be illustrated by the following 
experiment. 


Exp. The root of ‘the turnip is cut up and minced. The juice is pressed 
out through muslin in a hand press and freed from suspended particles in the 
centrifuge. The final product is a milky fluid. During the experiment this is 
kept in large test-tubes so as to reduce its contact with air. 

To 5 cc. of the juice a few drops of alcoholic guaiacum solution are added. 
Then, drop by drop, 0-01 N H,0, is run in, the fluid being mixed after the 
addition of every drop. No colour is seen on the addition of the first 1-5 cc. 
nor does it appear on standing. After addition of 1-6 cc. a green colour appears 
and becomes rapidly deeper on further addition of H,O,. 


1 Catalase could not account for the disappearance of H,O, since the juice shows only a very 


feeble catalase activity. 
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To 5 ce. of the above juice 2 drops of strong HCl are added (to inactivate 
the peroxidase). Then the fluid is titrated with iodine in presence of starch. 
Uptake 1-9 cc. of 0-01 N iodine. 

To 5cc. of the same juice 1-9 cc. of 0-01 N H,O, are added, the fluid is 
mixed and after a few seconds acidified with HCl. On titration 0-4 cc. of 
0-01 N iodine is taken up. 

Thus after the addition of H,O, 1-5 cc. less iodine is used. 

To 5 cc. of the same juice 1-9 cc. of 0-01 N iodine and then a few drops of 
guaiacum tincture are added. On addition of the first drops of H,O, the 
guaiacum reaction becomes positive at once. 

These experiments thus make it clear that there is in the crude juice a 
substance (or a set of such substances) which rapidly reduces H,O,, and that 
the first quantities of H,O, added are unable to cause the coloration of 
guaiacum, because they have been used up for the oxidation of this substance. 

This substance, which reduces H,O, and iodine, also reduces phospho- 
tungstic acid and neutral silver. If to the juice 20 % phosphotungstic acid 
and then a few drops of ammonia are added, a deep blue coloration shows the 
reduction of the acid!. If to the neutralised juice silver nitrate is added, this 
is rapidly reduced. Both reductions are absent if H,O, has been added 
previously. 

This constituent of the crude juice which reduces the H,O, and can be 
also detected by the reduction of iodine, silver or phosphotungstic acid will 
be referred to in the following pages as the “reducing factor” (R.F.). 


2. Mechanism, rate, nature and significance of the oxidation of the R.F. 
and its distribution. 


Mechanism. The first question which arises is whether the oxidation of 
the r.F. by H,O, is a direct oxidation, or an oxidation catalysed by the 
peroxidase. This question can easily be answered by the measurement of the 
rate of the oxidation in presence and absence of peroxidase. As the following 
experiment shows, the rate of oxidation of the r.F. by H,O, is greatly reduced 
if the enzyme is inactivated by heating. A similar result is obtained if the 
enzyme is inactivated by cyanide, so that we can safely conclude that the 
rapid oxidation of the r.F. by H,O, is a peroxidase oxidation. 

Exp. 5 cc. juice were titrated with 0-01 N iodine as in Exp. 1. 5 cc. of the 
same juice were titrated in the same manner after the addition of 2-0 cc. 
0-01 N H,O,. Iodine uptake in the first = 2-0 cc., in the second = 0-5 ce. 

The same experiment was repeated with juice which had previously been 
rapidly heated to boiling and cooled. Iodine uptake without peroxide = 2-0 cc., 
with peroxide = 1-9 cc.? 

1 Not all phosphotungstic acid preparations could be used for this test. Some preparations 
gave only very weak colours. Yellow-coloured preparations seemed to give better reactions, but 
it is not certain whether there is any relation between the yellow colour and the reaction. It is 
not impossible that the reaction is dependent on some molybdenum compound present as impurity, 
since the r.F. also strongly reduces phosphomolybdic acid to a highly coloured deep blue pre- 


duct. The phosphotungstic reaction itself is not sensitive to H,O,. 
2 If to the boiled juice peroxidase is added, the R.F. is again readily oxidised by H,O,. 
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If the boiled juice is allowed to stand with the peroxide for 5 minutes, and 
titrated only after this time with iodine, it still takes up 1-0 cc. of the latter. 


Rate. The most suitable method for following the rate of oxidation of the 
R.F, is given by the phosphotungstic acid reaction. If a small quantity of juice 
is added to a solution of phosphotungstic acid, and then a few drops of am- 
monia added, the developing blue colour indicates the presence and quantity 
of the unoxidised r.F. This same experiment can be repeated at short intervals 
after the addition of the H,O,.1 This experiment shows that the oxidation of 
the r.F. by the H,O, is extremely fast. Within 5 seconds the whole factor is 
quantitatively oxidised, even if the peroxide is added but in slight excess. 
I was in fact unable to take out the sample quickly enough after the addition 
of H,O, to detect unoxidised reducing substance. 


Exp. 1 cc. of 20 % phosphotungstic acid is pipetted into each of a series 
of tubes. 

2-5 cc. of turnip juice are titrated with 0-01 N iodine. Uptake 0-7 cc. 

2-7 cc. of the same juice are put in a test-tube and 0-7 cc. 0-02 N H,O, are 
added. Before and immediately after the addition of the H,O, a sample of 
0-2 ec. is taken and placed in a tube containing phosphotungstic acid. 

Then to each tube containing phosphotungstic acid a few drops of strong 
ammonia are added. On addition of ammonia the first fluid turns deep blue, 
the second remains colourless. 


The next question regards the nature of the oxidation of the reducing 
factor. Is it an irreversible oxidation corresponding to the final oxidation of 
an intermediary metabolic product, or is it a reversible oxidation corresponding 
to the oxidation of a catalytic hydrogen carrier? 

To decide whether the oxidation is a reversible one, the substance was 
oxidised by peroxide and peroxidase, and then treated with a mild reducing 
agent (H,S). This experiment clearly showed that the oxidised R.F. can be 
quantitatively reduced again. The oxidation of the r.F. by H,O, and peroxidase 
is therefore a reversible one. 


Exp. To 15 cc. of turnip juice 9-3 cc. of 0-01 N H,O, were added. The 
negative phosphotungstic acid reaction showed that the r.F. had been oxidised 
completely. To a second and equal sample 9-3 cc. water were added. The 
fluid showed the usual strong phosphotungstic acid reaction. Through both 
fluids a slow stream of H,S was led for half an hour. Then to both fluids four 
drops of pure formic acid were added. The fluids were poured into wide beakers. 
In another beaker was put a strong solution of lead acetate. The beakers were 
placed over sulphuric acid in the desiccator which was then evacuated. Next 
morning the volume of both fluids was found to be 15 cc. Both showed by a 
negative nitroprusside reaction that the H,S had been removed completely. 
Both fluids showed an equally strong phosphotungstic acid reaction. To 9 cc 
of each fluid 2 cc. of a strong solution of purified peroxidase were added. Fron. 
each of these two fluids two samples of 5 cc. were taken. One pair of samples 


1 The peroxidase is at once inactivated by the phosphotungstic acid and any further oxi- 
dation is stopped. 
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was titrated with 0-01 N iodine (in presence of HCl). Both showed an iodine 
uptake of 2-3.cc. To the other pair 2-3 cc. 0-01 N H,O, were added, and 
the fluids titrated with iodine as above. Iodine uptake in both fluids was 
0-3 ce. 

When it had been shown that the oxidised R.F. could be easily reduced by 
chemical means, the question arose whether natural oxidising systems were 
also capable of effecting this reduction. To answer this question the R.F. was 
oxidised, and the juice incubated. 

This experiment showed that reduced R.F. reappears in the juice on 
standing and that this is due to enzymic activity, since it does not happen in 
the tube in which the enzymes are destroyed by heating. 

Exp. 25 cc. of juice were introduced into a Thunberg tube. Then slowly 
with steady shaking the calculated quantity of 0-01 N H,O, was added 
(7-5 cc.), which was just sufficient to oxidise the whole amount of R.F. presenti. 
The phosphotungstic acid reaction of a sample was negative, or showed only 
a very slight colour, proving that practically the whole R.F. was oxidised. 
One part of the fluid was heated in a tube to boiling in order to destroy all 
enzymic activity, and then rapidly cooled. After boiling the fluid showed a 
faint phosphotungstic acid reaction. Both portions were put in a Thunberg 
tube. To both samples toluene was added and both tubes were evacuated and 
closed. After standing for 4 hours at room temperature the tubes were 
opened, and the phosphotungstic acid reaction performed. The unboiled fluid 
showed a strong reaction, the boiled sample showed the same faint colour as 
immediately after boiling. 

Significance. It has been shown that the first relatively large quantities 
of H,O, added to the juice of the turnip are used up for the oxidation of the 
so-called reducing factor, and it has been shown that the oxidation of this 
factor is a reversible one, and that under the given conditions this factor plays 
the réle of a catalytic hydrogen carrier between the peroxidase and other 
oxidising, or reducing, systems. It has also been shown that the rate of the 
oxidation of this factor is extremely high. 

If these experiments can be applied to the intact plant, then the current 
views on the action of the peroxidase will have to be modified. It is generally 
assumed that the peroxidase, if supplied by peroxide in vivo, would oxidise the 
most different metabolic products. But, as is known from in vitro experiments, 
the rate of the oxidation of such metabolic products, as for instance lactic acid 
by peroxide and peroxidase is extremely slow compared to the rate of the 
oxidation of the above reducing factor. Thus while this factor is present no 
peroxide will be available for the oxidation of metabolic products, and the 
only cell constituent oxidised by the peroxidase will be the r.¥. which, if 
oxidised, is reduced again by other systems. The peroxidase will thus have 
to be looked upon not as an enzyme which oxidises the different metabolic 
products directly, but as an enzyme having a specific substrate, which, 


1 It is necessary to avoid any excess of H,O, because, as Dixon has shown, H,0, has a very 
strong inactivating action on certain oxidising enzymes. 
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playing the réle of a catalytic hydrogen carrier, connects it up with other 
oxidising, or reducing, systems. 

Distribution. The few plants examined in the present research gave the 
impression that the reducing factor is in its distribution closely connected 
with the peroxidase. This holds naturally only for the healthy tissue. In 
ripening fruits, the tissues of which are senescent and colliquating, the pro- 
portionality is disturbed through the disappearance of the peroxidase. A 
strongly developed r.F. has only been found in the so-called “peroxidase 
plants.” The following observations may be noted?. 

The Spanish black radish (Rafanus sat. niger) behaved in the same way as 
the turnip. Both have a highly active peroxidase, and a relatively highly 
developed R.F. 

The leek (Allium porrum) has a still higher peroxidase activity than the 
turnip. The concentration of the R.F. is also distinctly higher. 

The Spanish onion (Allium cepa) showed only a very low peroxidase 
activity and a correspondingly low concentration of the R.F. 

In the ripe fruit of the pineapple (Ananas sativus) there is a fair concen- 
tration of R.F. corresponding to that of the turnip, but the peroxidase is 
considerably weaker. In the ripe fruit of the tomato (Solanum lycopersicum) 
there is about the same concentration of R.F. as in the turnip or pineapple, 
but the peroxidase is very weak. Both plants are “peroxidase plants” 
[Onslow, 1921]. 

The ripe orange (Citrus aurantium Risso) has a high concentration of R.F., 
about twice that of the turnip. It does not contain any active peroxidase. 

The lemon (Citrus lemonum) and grape fruit (Citrus decwmana) have a 
still higher concentration of R.¥. than the orange. Orange and lemon are also 
typical “ peroxidase plants.” 

Cabbage (Brassica oleracea) leaves have also a very high concentration of 
R.F.; 10 cc. of the press juice correspond to 10 cc. 0-01 N iodine. The peroxidase 
activity could not be estimated, since sufficient quantity of juice could only 
be pressed out after the leaves had been exposed to water vapour. 

In oxidase plants the R.F., if present at all, seems to be but very weakly 
developed. 10 cc. of the fresh press juice of the apple reduce 0-3 cc. 0-01 N 
iodine, while that of the potato reduces 0-9 cc. The corresponding reduction 
values of the typical peroxidase plants vary in the above experiments 
between 6 and 10 ce. 


1 The peroxidase activity was examined in the dilute press juice by the guaiacum reaction 
(in presence of excess of peroxide), and by the rate of oxidation of pyrogallol. 

The k.F. was estimated in the press juice by the reduction of iodine, the phosphotungstic acid, 
reaction and the reduction of neutral silver. In all cases it was also shown that the substance 
giving these reductions was oxidised at a high rate by peroxide and peroxidase, i.e. that after the 
addition of peroxide, both reactions became rapidly negative. To the juice of ripening fruits, which 
contained little or no peroxidase, this enzyme was added. 
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PART II. 


OBSERVATIONS ON THE CHEMISTRY OF THE ADRENAL CORTEX. 
THE ISOLATION OF A HEXURONIC ACID. 


1. Evidence of a strongly reducing agent in the adrenal cortex. 


It has been shown in the first part of this paper that in the plant the 
peroxidase is connected with a strongly reducing substance, or a group of such 
substances. This factor of the peroxidase system could be recognised by its 
high reducing power. ‘ 

To see whether the adrenal cortex contains any such reducing agent the 
gland was cut with a knife into halves which were immersed in a 0-4 % 
AgNO, solution. In a few minutes the cortical part was seen to darken through 
the deposition of reduced metallic silver. In a quarter of an hour the cut 
surface of the cortex turned completely black, while the medulla remained 
practically uncoloured (see Plate VI, Fig. 1). The black coloration ends towards 
the medulla with a sharp margin, which corresponds to the anatomical 
margin between medulla and cortex. Like the medulla, other organs such as 
brain, liver and muscle remain practically uncoloured. 

If in place of the silver a reagent is used by which adrenaline can be 
detected, the reverse picture is obtained. If for instance the gland is immersed 
in 5 % potassium iodate solution, containing 30 % acetic acid, within 30 minutes 
the medulla turns dark violet, while the cortex remains uncoloured. 

The adienai cortex, therefore, contains some specific, highly reducing agent, 
which can be no artefact, since its action is produced in the almost fresh material. 

If the cortical part is isolated from the medulla and a methyl alcoholic 
solution prepared from the former, the extract will be found to reduce iodine 
and phosphotungstic acid in higher-degree than can be accounted for by the 
glutathione present and in much higher degree than the extracts of any other 
organ. Neutral AgNO, is also reduced at once. 

That this reducing agent is a specific constituent of the interrenal system 
can clearly be demonstrated in elasmobranch fishes (freshly killed Seylliwm 
canicula). If the interrenal body is immersed together with another tissue 
(liver) in 0-2 % AgNO, solution, in a quarter of an hour the interrenal gland 
is found to be dark, while the liver is unchanged (if not exposed to light). 


a. 


2. Isolation of the reducing substance from the adrenal cortex. 


Frozen ox-glands were used which were cut out from the freshly killed 
animal at the abattoir in London, where they were cooled to — 6°. The glands 
were transferred to Cambridge in a frozen condition, and kept there at — 17°. 
No material older than a few weeks was used, since the reducing substance 
disappears completely in a few months even at this low temperature. The 
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disappearance is probably due to oxidation, since’it begins in the peripheral 
parts and proceeds towards the centre of the gland. 

In the course of purification the reduction of iodine was used as the leading 
reaction. Ata weakly acid reaction the reducing agent can be titrated with a 
sharp end-point with 0-01 N iodine. As soon as the glutathione had been re- 
moved, the iodine reduction gave a quantitative measure of the reducing agent, 
which, compared with the weight of the dry residue, gave a measure of the purity. 

The following properties of the substance were of use in the final method 
of isolation. 

Solubility. In all preliminary experiments the substance behaved as an 
acid without basic groups. 

The free acid is exceedingly soluble in water, freely soluble in methyl 
alcohol, less readily soluble in ethyl alcohol and acetone, slightly soluble in 
butyl or amy] alcohol, insoluble in ether or light petroleum. From its alcoholic 
solution—if not in very high concentration—it is not precipitated by ether, 
but is precipitated to a great extent by light petroleum. It is precipitated nearly 
completely from acetone by light petroleum. 

Sodium, barium and ammonium salts. The sodium and ammonium salts 
are freely soluble in methyl alcohol, less readily soluble in ethyl alcohol, 
slightly soluble in acetone, insoluble in ether. Both salts are precipitated from 
alcoholic solution by ether. Still smaller is the solubility of the barium salt in 
the above solvents. All three salts are soluble in water. 

Lead salts. The substance forms two different salts with lead. With 
neutral lead acetate it forms a compound, soluble in water, insoluble in alcohol. 
It is necessary to employ an excess of lead to obtain a quantitative pre- 
cipitation. 

The substance is precipitated by basic lead acetate equally from water 
and alcohol. 

Stability. In absence of oxygen the substance is stable in water, is not 
destroyed by short boiling, and can be treated with dilute mineral acid. In 
anhydrous solvents, such as alcohol or acetone, it is extremely sensitive to 
mineral acid, and resinifies readily under their influence. Even strong organic 
acids, such as picric acid, effect its resinification. 

The substance is highly autoxidisable. It is oxidised irreversibly by 
molecular oxygen. The oxidation is greatly catalysed by OH ions, and heavy 
metals, such as copper. It is inhibited by cyanide. 

The substance is not fermented by yeast. 

Crystallisation. The free substance does not crystallise under any con- 
ditions, but forms an anhydride, which readily crystallises, and can be easily 
recrystallised. Dissolved in water this readily adds water to form the acid. 

Method of isolation. For the extraction of every kg. of glands three litres 
of methyl alcohol are used. To every litre of the alcohoi 0-1 cc. 10 % NaCN 
is added. CO, is led through the alcohol to remove oxygen, and the alcohol 


is cooled on ice. 
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The glands are minced in a frozen condition to a fine pulp which is 
immediately mixed with alcohol. The suspension is allowed to stand for 
half an hour, being stirred frequently by a strong current of CO,. Then with 
vigorous stirring a 50 % solution of barium acetate is added sufficient to make 
the final concentration 0-5 %. 

After standing on ice for another half hour and with occasional stirring, 
the suspension is rapidly filtered through muslin, the residue being pressed 
out in a hand press. The fluid is rapidly filtered through paper pulp and the 
clear filtrate is transferred to bottles. These are kept on ice, the air in the 
bottles being replaced by CO,. 

A hot saturated solution of lead acetate is added, sufficient to bring the 
final concentration to 5%. The fluid is allowed to stand on ice for another 
hour and is then filtered on a Biichner funnel, the paper in which has been 
covered with a thin sheet of fine asbestos. The precipitate is washed with 
methyl] alcohol!. 

The precipitate is suspended in as small a volume of water as possible and 
decomposed by sulphuric acid. The acid is added as 20 % solution in small 
quantities with stirring and ice-cooling, excess being avoided. The lead sulphate 
is filtered off. If the filtrate colours thymol blue, sodium bicarbonate is added 
till the coloration disappears, then the fluid is reduced at 20-30° zn vacuo to 
small volume and dried in a vacuum desiccator over sulphuric acid. To absorb 
acid vapour filter-paper soaked in strong NaOH solution is placed in the 
desiccator. 

The dry residue is extracted with a small quantity of absolute methyl 
alcohol. To the methyl alcohol five times its volume of freshly distilled water- 
free ether is added. The precipitate is separated and added to the insoluble 
residue, which is then extracted again with a small quantity of methyl alcohol, 
to which again ether is added. The clear alcohol-ether fluids are united. In 
this way the residue corresponding to 1 kg. of the gland is extracted three 
times with 10 ce. of methyl alcohol. 

The alcohol-ether is cooled in ice, and dry ammonia gas is passed in until 
the fluid contains an excess of ammonia. Then the fluid is filtered and the 
precipitate dissolved in a small quantity of water, to which a sufficient quantity 
of acetic acid has been added to make the final reaction acid. For 1 kg. of 
the gland 50 cc. of dilute acetic acid solution are used. 

After the precipitate has been dissolved the fluid is neutralised by the 
addition of ammonia, and then 20 % of lead acetate is added in excess in the 
form of a hot saturated solution. If any precipitate is formed, this is separated 
on the centrifuge, and then to every 50 cc. of the fluid 150 cc. 96 % ethyl 
alcohol is added. The fluid is cooled for an hour on ice, and then filtered. 

The lead precipitate is dried over sulphuric acid in vacuo. 

The dry precipitate is powdered and suspended in water-free, freshly 


1 Tf more convenient, this precipitate can be placed over sulphuric acid in the vacuum desic 


cator, and kept there for a few days. 








1396 A. SZENT-GYORGYI 


distilled acetone, for every kg. of the gland about 100 cc. acetone being used. 
Then H,S is passed through until the whole precipitate is decomposed, the 
acetone is then evaporated at low temperature in vacuo to a very small 
volume. To this an equal amount of ether and an excess of light petroleum are 
added, which precipitate an oily material, and keep most of the acetic acid 
in solution. The oily precipitate is transferred to an Erlenmeyer flask (the 
distilling flask being washed out with a few cc. of methyl alcohol). Here the 
syrup is dried again over sulphuric acid in vacuo, NaOH paper being placed 
in the desiccator. 

The solid residue is extracted repeatedly with small volumes (5 cc.) of 
water-free acetone, which is then evaporated in vacuo at low temperature. 
The residue is dissolved in a very small volume. (2-3 cc.) of methyl alcohol. 
To this 15 cc. of water-free ether are added. If an amorphous precipitate forms, 
it is separated and extracted with acetone and the acetone treated as above. 

To the clear alcohol-ether an excess of light petroleum is added (10 times 
the volume of the fluid), and the mixture placed in the ice-chest. 

The next morning a crystalline precipitate is found on the bottom of the 
flask with some oily material. The crystals are freed from the oil by washing 
with a small amount of ice-cooled acetone. Water-free ether is used to wash 
the crystals out of the flask and remove the last trace of acetone. 

The main impurity of the preparation in the last stages are resinification 
products of the substance itself. These are less soluble in acetone and alcohol- 
ether than the unchanged substance. 

The yield of the preparations, working with quantities of 1-3 kg. of 
the gland, is 300 mg. per kg. This corresponds approximately to half the total 
amount present in the gland. 

The dried crystals are stable in vacuo, and decompose slowly in the air. 


3. The chemical nature of the reducing substance. 


The crystalline preparation can be recrystallised most conveniently by 
dissolving the crystals in a small volume of absolute methyl alcohol, and 
gradually adding ether and light petroleum. 

In presence of water the substance does not crystallise but forms a sticky 
syrup. This syrup, however, on standing in vacuo over sulphuric acid slowly 
loses water and solidifies to a crystalline mass. 

The substance is polymorphic. The primary crystalline preparation usually 
consists of small plates, which combine to more complicated figures (Plate VI, 
Fig. 2a). Recrystallised from acetone with ether the same crystals, or needles, 
may be obtained (Fig. 2 6). Different structures are obtained by evaporating 
a methyl alcoholic solution on an object slide (Fig. 2 ¢), a watery solution in 
a thin layer (Fig. 2 d), or in a larger quantity (Fig. 2 e). 

The preparations of the substance show a fairly sharp melting-point, 
ranging between 175 and 189°. A few degrees below the m.p. the substance turns 
first yellow and then brown, and after melting forms a brown resin. 
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The m.P. of my successive preparations were: 175, 183, 175, 186, 186, 189, 
185, 182°. 

Molecular weight. The minimum molecular weight could be determined by 
two different methods, by acidimetric and by iodometric titration. 

4-993 mg. of the substance were dissolved in 3 cc. of water. Titration in 
presence of phenolphthalein with 0-0216 N NaOH required 1-51 cc. Thus the 
equivalent weight = 178. 

After the titration had been finished, one drop each of 33 % acetic acid and 
starch solution was added, and the mixture was titrated with 0-01 N iodine, 
requiring 5-66 cc. corresponding to an equivalent weight of 88-7. 

The experiment shows that the minimum molecular weight given by the 
acidimetric titration is 178, and that for each carboxyl group two atoms of 
iodine are reduced. 

The molecular weight was estimated by the method of Barger. 

9 mg. of the substance were dissolved in 0-5 cc. of water. This was sealed 
in capillaries with 0-4, 0-2, 0-1 and 0-05 M urea solutions. The tubes were 
left for 24 hours at 37°. In the tubes 1 and 2 the urea solution was hypertonic. 
No movement of the meniscus occurred in tube 3; in tube 4 the urea was 
hypotonic; whence m.w. = 178 (+ 2 %). 

Optical activity. 30 mg. of the substance were dissolved in 1-5 cc. of water: 
temp. 21°. The rotation was + 0-48° in a 1 dm. tube. This corresponds to 
[e] = + 24°1, The substance showed no mutarotation. (Observed for a 
week.) 

Elementary analysis. The elementary analysis was made by “Feinchemie, 
Tiibingen.” In the qualitative analysis the substance shows no N, Cl, P, 
S, or OMe. , 

4-600 mg. gave 6-865 mg. CO, and 1-97 mg. H,0. 


Cale. for 
C,H,0, 
Found (m.w. 176) 
0/ 0/ 
/O oO 
Cc 40-7 40-9 
H 4-7 4:5 
oO 54-6 54-6 


Chemical reactions. Heated in dry condition the substance resinifies, giving 
a strong smell of caramel. 

Fehling’s solution, alkaline or neutral silver and permanganate are readily 
reduced at room temperature. 

The Molisch reaction is strongly positive with a purple colour. 

The orcinol test (with Fe) is also strongly positive. 

The substance gives thus all the typical carbohydrate reactions tested. 

Constitution. The above data make it clear, that the reducing substance 
is a highly reactive carbohydrate derivative, isomeric with glycuronic acid, 


The accuracy of the reading of optical activity lies within 10 %. 
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which, by losing water, goes over reversibly into the crystalline lactone 
anhydride, corresponding to the formula C,H,0,. 

No attempt was made in the present research to elucidate the steric 
configuration of the molecule. In the latter part of the paper some arguments 
are given in favour of the view that the substance is a hexuronic acid derived 
from fructose. 

The substance seems not to be identical with any of the glycuronic acid 
isomers hitherto described. 

The high reactivity excludes identity with glycuronic acid. The solubility 
of the calcium salt and the different optical activity excludes the identity with 
the acid investigated by Bertrand [1904], Boutron [1886], Ruff [1899] and 
Kiliani [1922]. The high reactivity and the different melting-point and optical 
activity exclude the identity with the galactosuric acid, isolated from 
plants by Ehrlich and Sommerfeld [1925]. 

Since the exact constitution of the reducing substance is unknown, I 
propose to refer to it as a hexuronic acid. 

A few words may be said about the specificity of this substance for the 
adrenal cortex. 

As has been shown above, the substance is specific for the cortex in as far 
as no other animal organ contains it in amounts comparable to those present 
in the interrenal tissue. But whether other tissues contain it in small quantities, 
or whether the substance is absent from other organs altogether, cannot be 
stated at present. The extracts of all organs have some reducing action, 
8-20 times smaller than that of the adrenal cortex. How far this reduction 
is due to hexuronic acid, or to other substances, cannot be stated, since the 
quantities possibly present are too small for isolation, which is the only 
reliable way of identification. As will be shown in a later part of this paper, the 
hexuronic acid is extremely active as a catalyst in certain systems of oxido- 
reduction. Concentrations of 1 : 0-000025 are sufficient to show a distinct 
biological activity, so that this substance may play an important réle in the 
oxidation mechanism of all animal tissues. 
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PART III. 


ISOLATION OF THE HEXURONIC ACID FROM PLANTS AND SOME OBSERVATIONS 
ON THE CHEMISTRY OF THE REDUCING FACTOR. 


1. The isolation of the hexuronic acid from plants. 


After the study of the reducing factor had led to the isolation of a hexuronic 
acid from the adrenal cortex, the question arose whether this acid actually 
occurs among the reducing substances of the plant. This question could be 
answered only by the isolation of the acid. 

Before the method used for the adrenal could be applied, the water of the 
plant juice had to be eliminated, and the bulk of accompanying substances 
reduced. A great number of accompanying impurities could be eliminated by 
precipitation with barium and alcohol. The water could be eliminated by 
vacuum distillation. The most effective step in the purification was the pre- 
cipitation of the acid by lead from its alcoholic solution at slightly acid 
reaction. This precipitation is however inhibited in the crude juice, and it was 
necessary to precipitate the substance first with basic lead to eliminate the 
inhibitory factor. 

After this preliminary treatment the original adrenal method was adopted 
almost unchanged, and led to the isolation of a substance identical with 
hexuronic acid. This substance, which forms in the animal a specific con- 
stituent of the adrenal cortex, seems to be widely distributed in the vegetable 
kingdom, forming an essential constituent of the reducing substances, ap- 
parently connected with the function of the peroxidase system. 

As starting material for the isolation, orange juice and the watery 
extract of cabbages were chosen. 


2. Isolation of the hexuronic acid from oranges. 


Method. The ripe fruit is cut in two, and squeezed out on a lemon squeezer. 
The juice is filtered through muslin. To every litre 0-1 cc. of 10 % sodium 
cyanide is added. By addition of ammonia the fluid is then brought to py 6-2, 
and 5 % barium acetate is added in the form of a hot saturated solution. The 
fluid is left in full closed bottles overnight in the ice-chest and filtered the 
next morning through paper pulp. The filtrate is concentrated in vacuo at 
25° to one-fifth of its volume. The concentrated fluid is cooled in ice and 
filtered from the newly formed precipitate. Again sodium cyanide (0-1 cc. 
10 % to 1 litre).and then hot saturated lead acetate are added, sufficient to 
make up the total concentration to 10 9. The fluid is cooled in ice, then with 
vigorous stirring ammonia is added until the fluid just colours bromothymol 
blue. The fluid is quickly filtered, the precipitate washed with water and 
suspended in the smallest possible volume of water and decomposed with 
sulphuric acid, excess being avoided. After the lead sulphate is removed by 








1400 A. SZENT-GYORGYI 


filtration, the py, is adjusted to 6. If necessary, the volume of the fluid is 
reduced by vacuum distillation to one-twentieth of the original bulk. Three 
times its volume of 96 % alcohol is then added, the precipitate, if formed, 
separated and the fluid mixed with excess of hot saturated lead acetate. The 
fluid is cooled on ice for an hour and filtered. The precipitate is treated further 
by the method described in the first part of this paper. 

The crystalline precipitate obtained consists of small irregular crystals. 
Recrystallised these show the same polymorphism as the substance isolated 
from the adrenal gland. The m.P. in the different preparations was 182, 
178 and 175°. 

The acidimetric titration gives an equivalent weight of 180 (+ 2%). The 
more accurate iodometric titration gives an equivalent weight of 89. Thus for 
each acid group two atoms of iodine are reduced and the minimum M.w. given 
by the titration is 178 g. 

The estimation by Barger’s method gives M.w. 178. 

The substance has [@]" + 24°, and displays no mutarotation. 


Analysis (by “Feinchemie Tiibingen”) gives theoretical values for CsH,0,. 


Calc. for 
Found C,H,0, 
0 O/ 
/O 40 
Cc 40-9 40-9 
H 4-5 4-5 
O 54-6 54-6 


All chemical reactions were identical with those found with the acid from 
the adrenal cortex. 

These data sufficiently establish the identity of the substances isolated 
from the adrenal cortex and from orange juice. Identical substances were 
obtained from the orange juice in three subsequent preparations. Working 
with 1-5-3 litres of juice the yield is about 100 mg. per litre. 


Isolation of the hexuronic acid from cabbages. 

The isolation of the acid from cabbages is made still more difficult by the 
accompanying substances. 

The fresh leaves are immersed in 1 % acetic acid, for each kg. of the plant 
1 litre being used. Then the fluid is heated to 80°, cooled, and pressed out in 
a mechanical press. To every litre 0-1 cc. 10% NaCN is added. Sufficient 
barium acetate is then dissolved in the fluid to make it up to 1 %. Then a hot 
saturated solution of lead acetate is added, sufficient to make the final con- 
centration 7-5°%. The precipitate is separated and the fluid cooled in ice, 
made alkaline with ammonia (to bromothymol blue) and filtered. The pre- 
cipitate is treated in the same way as that from the oranges. 

From 5 litres of juice 250 mg. crystalline matter were obtained, of the same 
crystal structure as the substance from oranges; M.P. 188°. In all reactions 
this substance behaves in the same manner as that isolated from oranges. 

The method does not seem to work on a larger scale with this material. 
Two attempts to isolate the acid from 300 kg. and 50 kg, were fruitless. 
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3. The chemistry of the reducing factor. 


It has been shown in the first part of this paper that 100 cc. of orange juice 
reduce about 60 cc. of 0-01 N iodine. This would correspond to about 50 mg. 
hexuronic acid anhydride and about 10 mg. of this substance can actually be 
isolated in crystals, corresponding to 11 cc. of 0-01 N iodine. Since the pre- 
paration is accompanied by great losses it is clear that this compound must 
form an essential part of the “reducing factor.” But the reagents employed 
for the demonstration of the R.F. are not specific, so we can hardly expect that 
the whole R.F. should be constituted by the hexuronic acid. Phosphotungstic 
acid and silver are reduced by most phenolic substances, and iodine is reduced 
by many phenols. Thus we can expect that the phenols present would con- 
stitute a part of the r.F. if the above reagents are employed. In fact there 
is present in orange juice, as in cabbage juice, a phenolic substance in rather 
high concentration, which reduces all three of the above reagents, so that 
about half of the r.F. must be composed of this phenolic substance. 

The reducing properties of plant juice have repeatedly attracted attention, 
specially from students of vitamin C. Bezssonoff [1921] has applied Folin’s 
phosphomolybdic acid reagent. The reducing substances of lemon juice have 
been made the object of a thorough study by Zilva [1927, 1928], who es- 
tablished interesting relations between vitamin C and the reducing properties 
of the plant juice. The main reagent employed by Zilva [1928] was phenol- 
indophenol. Indophenol blue is readily reduced by the hexuronic acid, so that 
it is probable that it was this substance which has been studied by Zilva. 
Phenols are less likely to reduce this indicator. 


PART IV. 


OBSERVATIONS ON THE OXIDATION AND REDUCTION OF THE HEXURONIC ACID. 


1. The reduction potential of the hexuronic acid. 


A 1% solution of the acid was neutralised with 0-1 N NaOH, then phos- 
phate buffer (pq 7) was added and the mixture diluted with water. The final 
concentration of the acid was 0-2 %, that of the buffer 0-01 M. 

This solution has been added to the series of Clark indicators. Nos. 1, 2 
and 3 were not reduced. No. 4 was reduced fairly rapidly. No. 8 was readily 
reduced. Methylene blue was reduced slowly to completion. 

The preliminary measurement of the potential with the gold electrode 
showed that the substance has a definite reduction potential and decreases the 
Ey, of the pure buffer solution from + 240 mv. to + 90 mv., corresponding to 
an rq of 17-14. 

The hexuronic acid shows thus, like glutathione and thyroxine, a distinct 
and fairly high reduction potential. 


I am indebted to Dr M. Dixon for his kind assistance in these measurements. 
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2. Oxidation by rodine. 

A small quantity of the acid is dissolved in water; 1 cc. of the solution 
reduces 1-3 cc. 0-01 N iodine. 

Three further samples of 1 cc. are taken. To each one drop of starch is 
added. To the first sample an alcoholic solution of iodine is added, till the 
first persistent blue colour appears. The excess of iodine is reduced by the 
addition of a trace of the acid. Then to each of the samples thymol 
blue is added. The first sample which has been oxidised is acid, the others 
alkaline to thymol blue. Then to the two samples which have not been oxidised 
0-01 N HCl is added until they reach the colour of the first sample, 1-26 cc. 
and 1-23 cc. being required. 

Thus for each atom of iodine added 1 mol. of HI was formed, the oxidation 
of hexuronic acid consisting therefore in the removal of two H atoms. 


3. Oxidation by molecular oxygen. 


The solution used in the potential measurement is placed in the Barcroft 
apparatus and shaken at room temperature. 4mm.®° O, are taken up per minute. 

After 10 minutes the apparatus is opened and to the fluid 1 cc. of 0-01 M 
neutralised KCN added. No further oxygen is taken up on shaking at room 
temperature. 

This experiment shows that, corresponding with its reducing potential, 
the substance is fairly autoxidisable. As the autoxidation is inhibited by 
cyanide, it must be a heavy metal catalysis. 

The following experiment was made on the nature of the heavy metal. 

Toa0-01 N (iodometric) solution of the hexuronic acid a double volume of 
0-1 M phosphate buffer of py 7 was added. The oxygen uptake of 3 cc. of this 
fluid was measured in the Barcroft apparatus, 3 cc. of water being used in 
the compensating flask. Then the oxygen uptake of 3 cc. of the same fluid 
was measured in presence of 0-1 cc. 0-005 N FeCl,, CuCl, and manganese 
acetate. Without metal, or in the presence of Fe or Mn, the acid showed no 
measurable oxygen uptake. In presence of copper the fluid showed an intense 
uptake of oxygen (20 mm.° per minute). In 15 minutes the oxidation of the 
acid is complete. The autoxidation of the hexuronic acid is thus greatly 
catalysed by copper, but it is not catalysed, or catalysed im much smaller 
degree, by iron and manganese. 

Since the acid is readily oxidised by trivalent iron, the inactivity of 
this substance as a catalyst gives evidence against those theories which 
explain the catalytic action of iron by its reduction by the autoxidisable 
substance and its subsequent autoxidation. 

The oxidation of the acid by H,0, is also greatly catalysed by copper. 
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4. The chemical nature of the oxidation products. 


If the hexuronic acid is oxidised by iodine or silver, it can be reduced again 
quantitatively by reducing agents such as H,S. The two atoms of H which 
are given off on oxidation can thus be again replaced. 

If Fehling’s solution is added to the unoxidised acid, the reagent is readily 
reduced at room temperature. After a while the reduction stops, but proceeds 
again on boiling. But if the acid is oxidised first by iodine or silver, Fehling’s 
solution is not reduced at room temperature. If however the oxidised acid be 
heated with Fehling’s solution the reagents are readily reduced. The Tollens 
silver reagent shows an analogous behaviour. This shows that the aldehyde 
or ketone function of the acid is not involved when the substance is oxidised 
at room temperature by iodine, silver or Fehling’s solution. It is thus not this 
function to which the high reducing power is due. 

If the substance is oxidised by molecular oxygen at neutral reaction, 
copper being used as catalyst, the oxidation product which is unable to reduce 
iodine, neutral silver, or Fehling’s solution at room temperature still reduces 
the latter reagent on boiling. Thus the aldehyde or ketone function is not 
involved in the autoxidation. But if the acid is oxidised by oxygen, the 
oxidation product is irreversible, and cannot be reduced again by H,S. If the 
fluid is titrated with alkali, it is found that new acid equivalents are formed 
on autoxidation. The oxidation of the two labile hydrogens leads thus to the 
formation of carboxyl groups, which makes it very probable, that it is a 
terminal carbon atom which carries the two labile hydrogen atoms. The 
lability of these hydrogen atoms makes it probable that their carbon atom is 
next to the carbonyl group. This would correspond to the structure of a 
fructuronic acid, which can be expected to have a y-lactone oxygen since it 
shows no mutarotation. 


5. The oxidation by peroxidase and peroxide. 


It has been shown in the first part of this paper that in the plant juice 
the hexuronic acid is readily oxidised by peroxide and peroxidase. 

After the substance had been isolated, purified peroxidase and peroxide 
were added to its solution, in order to study this oxidation. The experiment 
gave the unexpected result that purified peroxidase had no effect on solutions 
of the crystalline compound. If to its solution some plant juice (cabbage or 
orange) was added, together with the peroxide and peroxidase, it was oxidised 
at a high rate. This made it clear that the peroxidase has no direct action on 
the acid, and the rapid oxidation in the plant juice is due to the presence of 
catalytic substances. 


1 Corresponding with the high rate of autoxidation the new carboxyl groups are formed rapidly. 
Every molecule of hexuronic acid forms one new carboxyl group. When these new carboxy! groups 
have been established, the substance goes on forming new acid groups, but at a very low rate. 


This further formation of acid groups is probably due to the breaking up of the molecule. 
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Much time was given to the study of the nature and action of these 
catalysts. The details of this extended study will not be given here to avoid 
a further extension of the present paper. It was found that the catalysts of 
this reaction are aromatic substances which play the réle of a catalytic hydrogen 
carrier between the acid and the peroxide or peroxidase. The phenolic 

.substances are in this reaction oxidised to quinones which in their turn 
oxidise the labile hydrogen of the acid, being themselves reduced again to their 
original phenolic form. Thus any phenol which is oxidised by peroxide and 
peroxidase will be able to catalyse the reaction between peroxide and peroxidase 
on the one side, and hexuronic acid on the other. 

In the plant, therefore, there are two catalytic hydrogen carriers between 
the peroxidase and oxidation systems, in which the hydrogen of the foodstuffs 
is activated. The scheme of oxidation is thus the following: 


H,0, + peroxidase —- phenol — hexuronic acid > other oxidation systems. 


6. The oxidation in coupled systems. 


What the source of the peroxide is in the living tissue and where it is 
generated, are as yet unknown. Different oxidation systems are known, which 
are normal cell constituents and which lead to the formation of peroxide. 
Wieland and Sutter [1928] have shown that the thermostable oxidase, acting 
on quinol produces hydrogen peroxide in equivalent amount to the oxygen 
adsorbed. Thurlow [1925] has shown that the oxidation of acetaldehyde by 
the Schardinger enzyme is connected with the formation of peroxide, 

We may expect that the H,O, formed in any of these or other systems can 
be used for the oxidation of the hexuronic acid, and it seemed worth while to 
demonstrate that the H,O, formed in such an oxidation can actually be used 
for the oxidation of this component. 

The Schardinger enzyme was used as material for this experiment. It 
might be expected that in the presence of O, and acetaldehyde the enzyme 
would generate H,O,, which, in presence of peroxidase, would act on an 
aromatic substance which in its turn would oxidise the compound. It would 
be expected that the oxidation of the phenol would reveal itself in the for- 
mation of the coloured quinone, and that in presence of hexuronic acid the 
solution would remain uncoloured, owing to the reduction of the quinone by 


the acid. 


To 1000 ce. of fresh milk 10 cc. rennin were added, the milk was warmed 
to 37°, and the whey separated by filtration through muslin. To the whey an 
equal volume of saturated ammonium sulphate was added, the fluid filtered 
and the precipitate washed with half saturated ammonium sulphate. The 
precipitate was dissolved in 150 cc. water, precipitated with 150 cc. ammonium 
sulphate and washed as above. The precipitate was extracted with ether, 
dissolved in 150 cc. of water, once more precipitated with ammonium sulphate, 
and finally dissolved in 300 cc. 0-1 M phosphate buffer of py, 7. 

2cc. of this solution im vacuo in presence of 0-02 cc. of acetaldehyde 








PEROXIDASE SYSTEMS 1405 


reduces 0-1 cc. 0-1 % methylene blue in 90 seconds at room temperature and 
in 15 seconds at 37°. 

On addition of peroxide and peroxidase the fluid slowly develops a faint 
blue colour, showing that it contains but little peroxidase. 

In all experiments 2cc. enzyme, 0-02 cc. acetaldehyde, 0-2 cc. 0-1 % 
adrenaline and 0-1 cc. 1 % peroxidase (turnip) were used. 

2 cc. of the enzyme solution were placed in a test-tube, aldehyde, peroxidase 
and adrenaline added, the tube was immersed in water at 37° and aerated. 
Within one minute a strong red colour indicated that the adrenaline had been 
partly oxidised to quinone. It is easy to prove that the adrenaline has in fact 
been oxidised by the peroxide formed in the oxidation of the aldehyde. If the 
aldehyde or the Schardinger enzyme are omitted, or if the Schardinger enzyme 
is inactivated by boiling, no coloration occurs. If the peroxidase is left out, 
only a very faint colour occurs (owing to the slight amount of milk-peroxidase 
present). Also in presence of cyanide the coloration remains very faint. The 
experiment gives very clear results and gives a very striking and simple 
demonstration of the formation of H,O, in biological oxidation. 

If the hexuronic acid is added to the same system, the mixture remains 
uncoloured as long as there is unoxidised acid present. As soon as the acid 
is used up, the red colour appears. Thus the appearance of the red colour 
coincides with the disappearance of reduced hexuronic acid, judged by the 
phosphotungstic reaction. If to the above system 0-05 mg. of hexuronic acid 
is added, the fluid remains uncoloured for one minute. With 0-1 mg. it 
remains uncoloured for two minutes, with 0-2 mg. for 4 minutes, with 0-4 mg. 
no colour appears at all during the 9 minutes of observation. 

Thus even a concentration of 0-0025 % of the acid is sufficient to prevent 
the formation of the pigment, 7.e. to reduce the quinone formed, as long as the 
acid is present in reduced condition. Since tissues, as has been shown in the 
first part and will be shown again later, energetically reduce oxidised hexuronic 
acid, it can be expected that in the cell the oxidised acid will be reduced again, 
and in this way be maintained in reduced condition. In this case the con- 
centration of 0-0025 % will be sufficient to show a distinct biological activity. 

This experiment deserves perhaps a special consideration since it shows 
that, in a system composed of normal cell constituents, the formation of pigment 
can be prevented by a specific constituent of the adrenal cortex. It may be 
remembered that one of the best known symptoms of a deficiency of the 
interrenal system is the formation of iron-free pigment. 


6. Oxidation by the indophenoloxidase. 

As is known from the work of Battelli and Stern [1912] washed muscle 
contains a very active enzyme, capable of oxidising p-phenylenediamine at 
a high rate. The recent experiments of Keilin [1929] make it probable that 
this enzyme plays a very important part in tissue respiration. 

It was found that this enzyme is unable to oxidise the hexuronic acid. 
If muscle is washed and shaken in the Barcroft apparatus with a solution of 
90 
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the acid, no oxygen uptake is observed and the hexuronic acid is found un- 
oxidised at the end of the experiment. 

It may also be noted that the reduction of methylene blue by the hexuronic 
acid is not catalysed by muscle. Thus the hydrogen of the acid is not activated 
by tissues, which makes it probable that the substance cannot be oxidised 
definitely and used as foodstuff by the animal cell. 


7. Oxidation by haematin compounds. 


The hexuronic acid reduces haematin compounds, but the rate of reduction 
is too slow to indicate that the acid is actually connected in its function with 
these respiratory pigments. 

Experiments were made with cathaemoglobin and cytochrome. Cathaemo- 
globin is reduced by small amounts of hexuronic acid in vacuo overnight. No 
effect can be observed in a short experiment. 

A solution of cytochrome C is reduced in a few minutes by small quantities 
of the acid. The cytochrome of washed muscle is reduced in about 5 minutes. 
The cytochrome of the washed muscle is reduced by hexuronic acid about 
30 times more slowly than by succinate (which is acted on by the succino- 
dehydrase). 

The oxidation of the hexuronic acid by hydrogen peroxide is greatly 
catalysed by haematin compounds (cathaemoglobin). The concentration of 


hydrogen peroxide which is necessary to effect a rapid oxidation of the acid 
is much too high to assume that the haematins would act in vivo as peroxidases 
on hexuronic acid. 


I am indebted to Dr D. Keilin for his kind assistance in these experiments. 


8. The reduction of oxidised hexuronic acid by animal tissues. 


If an animal tissue, such as kidney, liver or muscle, is minced and suspended 
in a little buffer solution, and oxidised hexuronic acid is then added and the 
suspension incubated for a short time, for instance 15 seconds, the hexuronic 
acid will be found to be partly present again in reduced form at the end of the 
incubation. 

Exp. The kidneys (1-8 g.) of a freshly killed rat are cut into pieces, and 
then minced in a mortar with a little sand. 2 cc. 0-2 M phosphate buffer of 
Py 7 is added, and the suspension divided into two equal parts. To one part 
0-5 cc. water is added, to the other 0-5 ec. oxidised 0-01 M hexuronic acid 
(oxidised with iodine). The suspensions are incubated for 15 minutes in a 
water-bath. Then equal parts of 6 % trichloroacetic acid are added to both. 
The samples are centrifuged. The fluids are tested with phosphotungstic acid 
for reduced hexuronic acid and with sodium nitroprusside for glutathione. 
A portion of both samples is neutralised with NaHCO,, and silver nitrate added. 
The fluid with hexuronic acid gives a weaker —SH reaction with nitroprusside, 
but a much stronger reaction with phosphotungstic acid, and reduces silver 
nitrate. 
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Two oxidising systems are known in animal tissues which might be expected 
to reduce oxidised hexuronic acid: the Thunberg- Wieland hydrogen-activating 
system, and the Hopkins glutathione system. 


9. The Thunberg-Wieland system. 


Two main types of enzymes are known in this system: the type of the 
Schardinger enzyme system and the type of the succinoxidase. The former are 
soluble, and consist only of a hydrogen activator, the latter are insoluble and 
consist of a hydrogen activator and an oxygen activator [Fleisch, 1924; 
Szent-Gyérgyi, 1927, 3]. 

The Schardinger enzyme. This enzyme appeared to be unable to reduce 
oxidised hexuronic acid. The following experiment may be noted. 


Exp. 0-2 % hexuronic acid is oxidised with 0-1 N iodine-KI solution. To 
4 cc. of the above enzyme solution 0-04 cc. acetaldehyde and 0-4 cc. of the 
oxidised acid are added. The phosphotungstic acid reaction after 10 minutes’ 
incubation is negative. 


The succinodehydrase was also found to be inactive. 


Exp. Ox diaphragm muscle was minced and washed three times with 
20 times its own volume of distilled water, shaking it for 15 minutes. The 
muscle was filtered through muslin and squeezed out. 

2 g. of this muscle in 10 cc. buffer (0-2 M phosphate of pg 7) in presence 
of 0-1 % succinate reduces 0-4 mg. methylene blue in 9 minutes. 

1g. of this muscle is suspended in 2 cc. phosphate, then 0-25 cc. 2% 
sodium succinate and 0-5 cc. 0-2 % oxidised hexuronic acid are added. The 
suspension is incubated in evacuated Thunberg tubes for 35 minutes. In 
control experiments the succinate, the muscle and the hexuronic acid are 
replaced by water. 

After the incubation the tubes are cooled in ice, opened, and the liquid 
tested with phosphotungstic acid. 

The phosphotungstic acid reaction is negative in the tubes containing no 
muscle, positive in the tubes with muscle. Thus in the presence of muscle a 
small part of the oxidised hexuronic acid has been reduced. But, since the 
reaction is equally strong in tubes with and without succinic acid, the reduction 
is not due to the succinodehydrase. 

The reduction of methylene blue by muscle and succinate is not inhibited 
by oxidised hexuronic acid. This substance therefore does not inhibit the 
dehydrase. 

10. Reduction by the Hopkins glutathione system. 

Having found that the Thunberg-Wieland dehydrases do not reduce the 
substance it seemed probable that it is the Hopkins system to which the 
reduction is due. This system consists of glutathione, fixed SH-groups and a 
hitherto unknown factor, reducing the glutathione, either directly or through 
the fixed SH-groups. 

Reduction by fixed SH-groups. It has been shown in the last experiment 
that the washed muscle reduces oxidised hexuronic acid. The experiment was 
completed by carrying out the nitroprusside reaction with the muscle after its 
incubation with oxidised hexuronic acid. The experiment showed that the 


90—2 
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reaction for fixed SH-groups became much weaker if the muscle was incubated 
with the oxidised acid. This shows that the acid is reduced by fixed SH- 
groups. 

Reduction by glutathione. If oxidised hexuronic acid is incubated at neutral 
reaction with reduced glutathione, the former becomes reduced, the latter 
oxidised, 

Exp. A 0-02 N (iodometric) solution of reduced glutathione and a 0-06 N 
solution of hexuronic acid are prepared. The latter is oxidised with a strong 
alcoholic solution of iodine. Both solutions are neutralised with 0-1 N NaOH. 
To both one-tenth part of 0-2 M phosphate buffer (py 7) is added. Equal 
parts of both fluids are mixed and incubated. The quantity of SH is roughly 
measured by the intensity of the nitroprusside reaction. The experiment shows 
that in 24 minutes about one-third, in 5 minutes about two-fifths, and in 
10 minutes about half of the glutathione is oxidised. (The phosphotungstic 
reaction cannot be used in this experiment, since reduced glutathione also 
reduces phosphotungstic acid, though in much smaller degree than the hexu- 
ronic acid.) After incubation in vacuo for 90 minutes the —SH reaction 
reveals only a trace of reduced —SH, showing that the oxidation of —SH is 


practically complete. 
In control experiments, made without phosphate buffer, parallel to the 
disappearance of the nitroprusside reaction, the silver reduction, which is absent 


at the beginning, becomes gradually stronger. 
The —SH reaction of neutral glutathione does not change under identical 


conditions, if no oxidised hexuronic acid is present. 

The experiment thus shows that glutathione reduces the oxidised acid 
fairly rapidly. The fixed —SH is also able to reduce the acid. Whether the 
third factor of the system, which reduces the S—S link, also directly reduces the 
oxidised acid, or only through the labile and fixed —SH, cannot be stated 


at present. 


SuMMARY. 


Part I. If H,O, is added to the juice of a peroxidase plant, the first quantity 
of the peroxide is used up for the oxidation of a certain substance, or a group 
of substances, referred to as the “reducing factor” (R.F.). This oxidation of 
the R.F. is greatly catalysed by the peroxidase. The rate of the oxidation of 
this factor is very high, and as long as this factor is present no other substances 
will be oxidised by the peroxidase, and peroxide reactions such as the guaiacum 
reaction remain negative. The oxidation of the R.F. is a reversible one, and the 
oxidised R.F. is reduced again by other oxidising systems. The function of this 
factor is thus that of a catalytic hydrogen carrier between the peroxidase and 
other oxidising or reducing systems. The R.F. is characterised by its reducing 


power. 
Part II. It is shown that the adrenal cortex contains a relatively large 


quantity of a highly reducing substance which is specific for the interrenal 
system. The isolation of the substance is described. Chemical and physical 
properties of the substance are discussed. It is shown that the substance is a 
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Fig. 1. Cross-section of the adrenal gland after treatment with AgNO,. 





Fig. 2. Crystals of the hexuronic acid formed under different conditions. 
Diameter of each field 1-25 mm. 
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hitherto unknown, highly reactive isomer of glycuronic acid, so that the 
substance is a hexuronic acid. 

Part III, The isolation of the hexuronic acid from oranges and cabbages 
is described. It is shown that this substance forms an essential part of the 
reducing factor, the chemistry of which is discussed. 

Part IV. It is shown that the hexuronic acid has a definite reducing 
potential. On oxidation by mild oxidising agents the substance loses two 
atoms of hydrogen. This oxidation is reversible. The substance is autoxidisable. 
Molecular oxygen oxidises the substance irreversibly forming new carboxyl 
groups. This autoxidation is greatly catalysed by copper and inhibited by 
cyanide. Iron and manganese are relatively inactive as catalysts. 

The substance is not oxidised immediately by peroxide and peroxidase. 
The peroxidase reaction is catalysed in the plant juice by phenols. 

It is shown that in presence of peroxidase and a phenol the H,O, generated 
by other oxidising systems can be used for the oxidation of the hexuronic 
acid. Pigment formation in experiments in vitro can be inhibited by con- 
centrations of 1 : 0-000025 of the acid. 

In the absence of phenolic substances the hexuronic acid is not oxidised by 
the indophenoloxidase of animal tissues. 

Haematin compounds (cytochrome) are reduced relatively slowly by the 
hexuronic acid. 

The oxidised hexuronic acid is intensely reduced by animal tissues. The 
dehydrogenases of the type of the Schardinger enzyme and the succino- 
dehydrase are unable to reduce the oxidised hexuronic acid. The oxidised 
substance is reduced by the Hopkins glutathione system. Glutathione and 
fixed —SH strongly reduce the oxidised acid. 


It is a great pleasure to express my deepest gratitude to Sir F. G. Hopkins 
for his extreme kindness and helpfulness in the course of this research. 
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CLXXIV. NOTE ON THE REDUCTION OF THE 
DISULPHIDE GROUP BY ENZYME SYSTEMS. 
By KENNETH ALLAN CALDWELL ELLIOTT. 


From the Biochemical Laboratory, Cambridge. 
(Received October 22nd, 1928.) 


At the end of a paper by Wieland and Bergel [1924] it was claimed that 
dithiodiglycollic acid was reduced to thioglycollic acid by succinic acid with 
the succinoxidase of washed liver mince. 

Hopkins and Dixon [1922] had found that the succinoxidase system was 
quite unable to reduce oxidised glutathione. There were two points of difference 
between their experiments and those of Wieland and Bergel. 

(a) Wieland and Bergel used dithiodiglycollic acid, whereas Hopkins and 
Dixon used glutathione. 

(6) Wieland and Bergel used washed liver mince, whereas Hopkins and 
Dixon used washed muscle. 

The experiments here described were begun with the object of determining 
which of these differences was responsible for the discrepancy in the results, 
but it was found that Wieland and Bergel’s results could not be confirmed. 
Repeating their method with liver mince, and also using active enzyme 
extracts prepared from liver according to Ohlsson’s method [1920], no increased 
reduction either of dithiodiglycollic acid or of glutathione was obtained in the 
presence of succinate. 

Prof. Wieland has since kindly written to say that the work has been 
repeated but not confirmed in his laboratory. 

It seemed possible that the disulphide-containing molecule might in some 
way become activated at a surface in the tissue, and in this state be liable to 
reduction not only by the tissue itself but by active hydrogen from other 
sources. As, however, enzyme systems producing active hydrogen are hetero- 
geneous, the active hydrogen may not be available at the surface activating 
the disulphide which would also be a heterogeneous system. Methylene blue 
might, however, act as a homogeneous intermediary between the donator and 
acceptor. This possibility has been tested. 

Xanthine oxidase and hypoxanthine were used as the primary source of 
active hydrogen, which kept the methylene blue reduced to the leuco-form, 
the experiment being carried out anaerobically. Muscle residue and oxidised 
glutathione were present, but again no more —SH was formed than in a control 
without hypoxanthine. Neither leucomethylene blue, therefore, nor hypo- 
xanthine with xanthine oxidase, will reduce —SS— even in the presence of 
muscle residue. 
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Thus though attempts by several workers have been made to link up the 
disulphide group with hydrogen transportase systems, the thermostable tissue 
substance remains the only biological mechanism proved to reduce the 
disulphide group. 


EXPERIMENTAL. 


Dithiodiglycollic acid with succinoxidase preparations and succinate. 


Exp. 1. Into a flask (A) 50g. of liver mince thoroughly washed with 
distilled water were introduced, then 20 cc. of 2% dithiodiglycollic acid 
solution at py 8 in phosphate buffer, and 0-5 g. sodium succinate in 10 cc. 
buffer, and a few drops of chloroform. A control (B) containing exactly the 
same materials without succinate was also set up. The two flasks were filled with 
oxygen-free nitrogen and shaken for 7 hours at 37°. Then each was filtered 
and titrated with 0-1 N iodine in an atmosphere of nitrogen. 

6-2 cc. of filtrate from (A) required 0-8 cc. 0-1 N iodine, 
11-0 ce. of filtrate from (B) required 1-5 cc. 0-1 N iodine, 
which is equivalent to 0-8 cc. iodine for 6-2 cc. of the liquid. 

The above procedure follows the method of Wieland and Bergel, except 
that they make no mention of the py of the liquids, and less succinate and 
dithiodiglycollic acid were used than in their experiments. Also, instead of 
marking the filter flask so as to measure 10 cc. liquid for titration and finally 
squeezing out the tissue to estimate the total volume, the liquid filtered from 
each flask was measured after titration, and this volume and titre for the two 
flasks were compared. 

Exp. 2. A similar experiment at the same initial py was carried out using 
water instead of buffer solution as medium. 

24 cc. of filtrate (A) required 3-0 cc. 0-1 N iodine solution, 
24-5 ce. of filtrate (B) required 3-1 cc. 0-1 N iodine solution. 

Exp. 3. With the succinoxidase preparation, the flasks contained 25 cc. of 
the active alkaline phosphate extract from sheep’s liver, 10 cc. of 2 % dithio- 
diglycollic acid in M/15 sodium phosphate brought to py 8 with N NaOH 
solution, and in (A) 0-5 g. of sodium succinate. The two flasks were filled with 
oxygen-free nitrogen and shaken gently for 7 hours at 37°. Before filtering, 
10 ce. of 10 % trichloroacetic acid were introduced, which by precipitating 
proteins gave easy filtration and a clear filtrate in which the —SH is not easily 
autoxidisable. 

30:9 ce. filtrate (A) required 1-1 cc. 0-1 N iodine solution, 
30:3 ce. filtrate (B) required 1-1 cc. 0-1 N iodine solution. 
Thus, in no experiment has any extra reduction of —SS— occurred in the 


presence of succinate. 
A similar experiment with glutathione and enzyme extract also showed no 
extra —SH formed in the presence of succinate. 





K. A. C. ELLIOTT 


Glutathione and muscle residue with leucomethylene blue. 


Exp. 4. Two flasks were set up each containing 3g. of thermostable 
residue, prepared according to Hopkins and Dixon’s [1922] standard method 
from rabbit muscle, 25 cc. of a 10 % solution in phosphate buffer of xanthine 
oxidase-caseinogen preparation, prepared according to Dixon and Thurlow 
[1924], 10 cc. of a buffer solution containing 5 mg. oxidised glutathione per cc., 
and 2-5 ec. of 0-02 % methylene blue solution. The py of each was adjusted 
to 7-5, and 2-5 cc. of a solution containing 2 mg. hypoxanthine per cc. were 
added to (A), 2-5 cc. of water being added to (B). 

The two flasks were filled with oxygen-free nitrogen and shaken for 7 hours 
at 37°. Then 15 cc. of 20 % trichloroacetic acid solution were run into each, 
the liquid was filtered off and titrated with 0-01 N iodine solution using the 
nitroprusside external indicator. 

35 ec. of the liquid from both (A) and (B) required about 7 cc. of 0-01 N 
iodine. 

Thus no extra —SH had been formed by the hypoxanthine in flask A 
donating hydrogen to the —SS— in presence of the muscle system, even with 
methylene blue as intermediary. 

The enzyme preparations used in all cases were shown to be active by the 
reduction of methylene blue in the presence of their respective substrates. 


SUMMARY. 


1. Neither dithiodiglycollic acid nor glutathione is reduced by succin- 
oxidase and succinic acid. 

2. No extra reduction of —SS— in presence of muscle residue is caused by 
the sources of active hydrogen tried. 
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CLXXV. THE SUPPOSED EFFECT OF TUMOUR 
EXTRACTS ON GLYCOLYSIS? 


By JOHN BROOKS anp MAURICE JOWETT. 
From the Department of Physical Chemistry, University of Liverpool. 


(Received October 23rd, 1928.) 


Ir has been stated by Waterman [1924, 1925], that tumour extracts accelerate 
the glycolysis of rat and mouse kidney. Such an effect on glycolysis of normal 
tissues would be of great significance, and we have therefore undertaken 
experiments to test this finding. 

Waterman gives little experimental detail in his earlier paper; a mano- 
metric method was used. In this author’s later work [1925] the experimental 
conditions and methods of measuring glycolysis were very different from those 
of Warburg [1924]. 

Employing Warburg’s methods, of which we have already made use in 
another connection [1928], we have been unable to find any effect of tumour 
extracts on glycolysis. 


EXPERIMENTS WITH TUMOUR EXTRACTS. 


The tumour extracts were prepared in a similar manner to those of 
Waterman [1925]. Fresh, healthy tumour tissue was sliced, minced with 
scissors, and rubbed with sand and 0-16 M sodium chloride to form a sus- 
pension. After standing in the ice-chest the suspension was centrifuged, and 
the turbid supernatant fluid taken as the extract. Details of the extracts used 
are given in Table I. They are more concentrated than those of Waterman, 
who used 0-05-0:1 g. of tumour per cc. of saline, and extracted for 2-12 hours. 


Table I. Tumour extracts. 


g. tumour per cc. Extraction time 


Exp. No. Tumour saline in hours 
1 Flexner rat care. 0-075 33 
2 99 9» 0-2 2 
3 9 ms 0-3 3 
4 + ’ 0-15 20 
5 Human care. groin 0-3 18 
6 Rat sarcoma 0-14 23 
7 is 0-2 34 


In some of the experiments, the tissues of which the glycolysis was studied 
were used in the form of thin slices, as recommended by Warburg, in other 


1 This investigation was undertaken on behalf of the Liverpool Medical Research Organisation : 
Director, Prof. W. Blair Bell, of the University of Liverpool. 
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experiments the tissues were further cut up with scissors (as was done by 
Waterman). Where minced kidney was used, about 150 mg. of the tissue was 
suspended in 3 cc. of Ringer’s solution in each manometric vessel, and to one 
or more of the vessels 0-3 cc. of the tumour extract was added. The same 
ratio of extract to Ringer’s solution was kept in experiments where the tissue 
was in the form of slices, of which the wet weight varied from about 20 
to 50 mg. 

In measuring the effect of the extract on the glycolysis of tissue slices the 
technique was that described in our earlier paper. When minced tissue was 
employed the extract was usually added to some of the minces before measure- 
ments began. The glycolysis of the extract alone in Ringer’s solution was also 
measured: this was small, but just measurable when the extraction time was 
brief (cells and cell fragments were present), and was subtracted from the 
glycolysis of the system (tissue + extract). 

In Table II the percentage effects of the tumour extracts on the rate of 
anaerobic glycolysis of several rat tissues are given. 


Table II. Effect of tumour extracts on rate of anaerobic glycolysis 
of rat tissues. 


Percentage effect 

Tissue Form of extract 
Testis Slices - 2 
Kidney ei + 1 

” ” = 4 
Spleen m 0 
Kidney Minced - 2 

s Slices +10 

e Minced - 1 
Spleen Slices + 6 


Kidney Se - 5 


The glycolysis of kidney tends to be irregular, both in amount and in rate 
of decrease with time. In all cases the effect of the extract on glycolysis lies 
within the experimental error. 


EFFECT OF WASHING THE TISSUES ON THEIR SUBSEQUENT GLYCOLYSIS. 


It was stated by Waterman [1925] that, if minced kidney tissue be washed 
twice with Ringer’s solution followed by centrifuging, its glycolytic power 
disappears completely. 

We have repeated the experiment. Waterman used 100 mg. of tissue and 
2 cc. of a Ringer’s solution. We washed 180 mg. of minced rat kidney twice 
with 4 cc. of Ringer’s solution, and found that the rate of anaerobic glycolysis 
shown by the washed tissue was 93 °% of that shown by the same weight of 
unwashed tissue. The difference from 100 % is within the experimental error. 

Any other result would have been surprising, since, when working with 
Warburg’s technique, a tissue slice which has been shaken in Ringer’s solution 
for some time may be transferred to fresh Ringer’s solution without appreciable 
effect on its glycolysis. 
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DIscussION OF METHODS. 


Whilst we are unable to offer any individual explanations to account for 
the effects observed by Waterman but not observed by us, we venture to 
think that this author’s experimental conditions were unsatisfactory. 

Waterman incubated 3 cc. of a Ringer-kidney mince, with or without 0-3 cc. 
of a tumour extract, for 2 hours in a 50 cc. conical flask containing air. The 
aerobiosis may have been incomplete and glycolysis may have taken place to 
some extent, as this author supposed. 

We have made one or two experiments under somewhat similar conditions. 
To about 150 mg. of minced kidney were added 3 cc. of a Ringer’s solution, 
with a concentration of bicarbonate similar to that used throughout by 
Waterman (0-0027 M, instead of the 0-02 M used by us unless otherwise 
stated), and previously saturated with nitrogen containing 5% CO,. The 
vessel containing the mince was bound to a manometer and an atmosphere of 
nitrogen (containing no CO,) introduced. After having been shaken for 
10 minutes in the thermostat the manometers were read, and allowed to 
remain stationary for nearly 2 hours; they were then shaken for 10 minutes 
before being read again. 

In both these and Waterman’s experiments the py is ill-defined, and 
the bicarbonate concentration too low for full glycolytic power to be mani- 
fested. In addition, with such a large weight of tissue and such a low bicarbonate 
concentration, the system will show retention of carbon dioxide owing to the 
buffering power of the tissue, as is the case for serum [Warburg, 1925]. Both 
the manometric and acid-titration methods will on this account give results 
which are too low under Waterman’s conditions. 

The values derived by us for the glycolysis under these conditions 
(Q3 = 0-2-0-3) were about ten times smaller than those derived by Water- 
man under his not dissimilar conditions with the use of his acid-titration 
method. The py, in Waterman’s experiments may have been higher than in 
ours, but nevertheless the large difference in the results suggests that Water- 
man’s titration method is in error. It appears, in fact, doubtful to what extent 
this method was properly tested and controlled. Thus, for instance, Ringer’s 
solution seems to have been used as a “‘no glycolysis” control for a system 
containing tissue. It must be pointed out, however, that the bicarbonate 
content of the tissue should not be neglected when the Ringer’s solution 
has a very low bicarbonate content. 

Several experiments under the usual conditions of Warburg’s technique, 
except in regard to the treatment of the tissue, showed that minced kidney 
usually glycolyses only at 30-50 % of the rate of sliced kidney, O03, having 
values of about 2 instead of 4-6. This is probably due to mechanical injury 
of the tissue in mincing. Respiration appears to behave in a similar way 
[Minami, 1923]. Furthermore, the rate of glycolysis of minced kidney decreases 
more rapidly with time than does that of sliced tissue. 
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Thus we have reason to believe that Waterman studied the behaviour of 
tissues which were damaged, and under conditions much more remote from 
the physiological than those of Warburg. 

When to these two facts is added the use of an inaccurate, and perhaps 
insufficiently controlled, method of measuring glycolysis, it seems unlikely that 
results so obtained have any application to physiological conditions. It should 
perhaps be mentioned that we [1928] have been unable to confirm Waterman’s 
finding [1925, 1926] that calcium salts affect glycolysis, nor could Krebs and 
Kubowitz [1927], working in Warburg’s laboratory, confirm Waterman’s 
statements [1926] that various sera affect glycolysis. 


SUMMARY. 


Saline extracts of malignant tumours have no effect on the anaerobic 
glycolysis of normal rat tissues. Washing tissues with a suitable Ringer’s 
solution does not affect their glycolysis. Experimental conditions are 
discussed. 


ADDENDUM. 


(Note added November 10th, 1928.) 


Kraut and Bumm have recently claimed [1928] that extracts of tumours 
and other tissues accelerate greatly the rate of glycolysis of kidney tissue. 
In the only detailed experiment given (Table I) it is evident, however, that 
these authors, following Warburg’s [1923] earliest and only approximate 
technique for measuring anaerobic glycolysis, have misinterpreted their mano- 
metric changes. Glycolysis is erroneously taken as given by the difference 
between manometric changes shown by tissue slices in Ringer’s solution (a) 
with, and (b) without, glucose. Furthermore, in calculating this difference no 
allowance appears to have been made for the different weights of the tissue 
slices used. 

No increase in glycolysis due to the tissue extract is present, although 
claimed, in the experiment discussed, in which moreover the manometric 
changes recorded seem so small that the results cannot be accurate. 
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CLXXVI. THE AMINO-ACID METHIONINE; 
CONSTITUTION AND SYNTHESIS. 


By GEORGE BARGER anp FREDERICK PHILIP COYNE. 
From the Department of Medical Chemistry, University of Edinburgh. 


(Received October 25th, 1928.) 


As a result of certain bacteriological investigations, Mueller [1923, 1] isolated 
from caseinogen a new amino-acid, C;H,,0,NS, in a yield of 0-2-0-4°%. About 
the same quantity was obtained from egg-albumin, and smaller amounts are 
also present in edestin, wool and gelatin. That the substance is a primary 
cleavage product of protein, and not foreign to the body, was also indicated 
by its oxidation after administration to an animal, when the sulphur appears 
in the urine as inorganic sulphate [Mueller, 1923, 2]. The same amino-acid 
was subsequently found by Odake [1925]. On working up the residues of a 
commercial vitamin preparation from 6 tons of yeast, the latter obtained 0-6 g. 
of the pure amino-acid and published some useful photomicrographs of this 
substance and its derivatives. 

The attention of one of us was called to this subject, in the course of an 
attempt, in conjunction with Dr A. 8. Nayar, to isolate a thiolhistidine as 
precursor of ergothioneine, afterwards identified in red blood-corpuscles by 
Newton, Benedict and Dakin [1927] and by Eagles and Johnson [1927]. 
Whilst we could not obtain thiolhistidine, either from ergot or gelatin, we 
became involved in an examination of the non-cystine sulphur and prepared 
Mueller’s amino-acid, following his directions. Mueller had already shown that 
the substance is not ethyleysteine. Since the methylthiol, like the methoxyl, 
group, is much more common in nature, we applied to the acid Kirpal and 
Biihn’s method [1914] for the determination of CH,S-groups and found one 
to be present. This result restricted the possible formulae to derivatives of 
butyric and isobutyric acids. Since all known cleavage products of protein 
are a-amino-acids, only four formulae remained, viz. a-, B-, and y-methylthiol- 
butyric acids (I-III) and methylthiol¢sobutyric acid (IV). 


I. CH,.CH,.C(NH,)COOH Ill. CH,.8.CH,.CH,.CH(NH,)COOH 
S.CH, 
II. CH,.CH.CH(NH,)COOH IV. CH,.8.CH,.C(NH,)COOH 
| | 


S.CH, CH; 





1418 G. BARGER AND F. P. COYNE 


Of these (III) seemed much the most probable on account of its relation 
to cheirolin, a substance isolated from wallflower seeds (Cheiranthus cheiri) by 
Schneider [1910] and shown by him to have the constitution 

CH,.SO,.CH,.CH,.CH,.N:C:S8. 

Cheirolin would thus be the sulphone of a mustard oil, derived from Mueller’s 
amino-acid in the same way as, for instance, phenylethyl mustard oil, 
C,H,;.CH,.CH,.N:C:8, from the root of Reseda [Bertram and Walbaum, 
1894], is derived from phenylalanine, via phenylethylamine. We therefore 
decided to synthesise the racemic substance (III) and indeed found it to be 
identical with Mueller’s acid, except as regards optical activity [cf. Barger and 
Coyne, 1928]. Later, Dr Mueller informed us that he had himself arrived at 
the same constitution and had unsuccessfully attempted to prove it by 
synthesis. Since the amino-acid has a good title to be regarded as a con- 
stituent of protein, a shorter name than y-methylthiol-c-aminobutyric acid 
seems desirable, and, after consultation with Dr Mueller, we suggest for it the 
name methionine, in allusion to the characteristic grouping. 

Before we proceeded to synthesis, we attempted other means of breaking 
down the amino-acid, by decarboxylation, by oxidation and by exhaustive 
methylation, but, using only minute amounts of this rather inaccessible 
substance, we did not arrive at anything definite in this way. The synthesis 
was first attempted by various modifications of Erlenmeyer’s method, from 
methylthiolacetaldehyde, CH,.8.CH,.CHO, which was easily made from 
bromoacetal. The condensation of the new aldehyde with hippuric acid and 
with diketopiperazine failed completely, but after prolonged experimentation 
we obtained a few grams of its condensation product with hydantoin in a state 
of purity, only to find that we were quite unable to reduce it to methionine; 
sulphur was eliminated. Thinking we could introduce the methylthiol group 
last, we attempted the condensation of phenoxyacetaldehyde, C,H,O.CH,.CHO, 
with hydantoin, but without success. 

We then had recourse to the old Strecker method [1850], from the next 
higher aldehyde, CH,S.CH,.CH,.CHO, using a useful modification by 
Zelinsky and Stadnikoff [1908], and in this way obtained without special 
difficulty enough synthetic amino-acid to establish its identity with methionine. 
Whether from caseinogen or by synthesis, methionine is at present a very 
troublesome substance to prepare. We have tried to improve Mueller’s 
method of isolation, but so far without any real success. Mercuric salts remain 
so far the only reagents which differentiate methionine somewhat from 
amino-acids like leucine and phenylalanine. Methionine ethy] ester is unstable 
when distilled, even in a charcoal vacuum, and a really characteristic deri- 
vative, from which methionine might be regenerated, is much to be desired. 
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EXPERIMENTAL. 


Preparation of methionine. 


900 g. of gelatin, hydrolysed with hydrochloric acid and freed from the 
latter as far as possible by evaporation in vacuo, were dissolved in 2 litres of 
water and showed maximum precipitation on adding 14 volumes of Hopkins’s 
reagent (10% HgSO, in 5% H,SO,). The precipitate, after decomposition 
with H,S, was esterified, the fraction boiling at 130-150°/0-1 mm. was richest 
in sulphur, but most of the sulphur remained in the flask (as diketopiperazine?). 
Only a little impure methionine was obtained from the distillate. 

By using Mueller’s method, unmodified, we obtained 1-3 g. per kg. from 
caseinogen, with only a single precipitation with HgCl,. The purity, as indi- 
cated by the sulphur content, was 85-95%. A second precipitation with 
HgCl, is very wasteful and was omitted for most purposes. 

Mueller’s method was examined in greater detail as follows. 2700 g. 
caseinogen were hydrolysed with sulphuric acid and the filtrate, neutralised 
with NaOH, was divided into halves. To one half were added 1350 g. of 
HgSO, in 7 litres of 7% H,SO,. The precipitate (A) was filtered off after 
24 hours. The filtrate was half neutralised, causing a precipitate (B), 4-5 times 
as bulky as (A); neutralisation to Congo red of its filtrate yielded a still larger 
precipitate (C). The second half of the hydrolysate was treated with only 
one-third of the reagent added to this first half; the resulting precipitate (D) 
was filtered off, an additional third of the reagent was added, giving precipitate 
(Z), and to its filtrate the third instalment of the reagent, giving (Ff). All six 
precipitates were washed twice by decantation, and twice by filtration, and 
extracted five times, with one litre of 2 % barium hydroxide each time. The 
five combined extracts were freed from barium hydroxide by sulphuric acid, 
from mercury by hydrogen sulphide, and the filtrate and washings were 
evaporated to 500 cc. A boiling saturated solution of 20-50 g. of mercuric 
chloride (according to the bulk of the original mercuric sulphate precipitate) 
was added. The mercuric chloride precipitate was freed from mercury by 
hydrogen sulphide, the filtrate was evaporated in vacuo, dissolved in the 
minimum quantity of boiling water and mixed with 5-10 cc. of pyridine (to 
remove HCl) and three volumes of boiling alcohol. The following yields were 
obtained: A, 2 g. histidine with traces of methionine; B, 0-05 g. methionine; 
C was lost by accident; D, E and F respectively, 0-5, 0-5 and 0-6 g. methionine. 

It would seem therefore that the larger quantity of the reagent should be 
added at once, and that the immediate precipitate, as well as that formed.by 
half neutralisation, may be discarded. 

Determination of methylthiol grouping according to Kirpal and Biihn [1914]. 
The cadmium sulphate bubbler was coloured yellow; hence some sulphur 
was split off as hydrogen sulphide. The methionine had a sulphur content of 
18-9 % and was therefore 88 % pure. 
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Analysis. 0-2237 g. (crude) = 0-1968 g. (pure) gave 0-2998 g. Agl. 

0-1023 g. (crude) = 0-0900 g. (pure) required 5-97 cc. N/10 AgNO,. 

Found: CH,S = 30-5, 31-2; calc. for C;H,,0,NS: CH,S = 31-6 %. 

In the second estimation the methyl iodide was passed into pyridine, 

according to Kirpal and Biihn’s second method [1915], and, after removal of 
the excess of pyridine, the methylpyridinium iodide was titrated. Ethyl iodide 
hardly reacts with pyridine in the cold. We moreover proved the identity of 
the alkyl iodide by converting the pyridinium salt into mercurichloride and 
comparing it with authentic specimens of methyl- and of ethyl-pyridinium 
mercurichloride. 


M.P. 
A. Mercurichloride from methionine product ... 160-163° 
B. Methylpyridinium mercurichloride ... ... 161-163° 
C. Ethylpyridinium mercurichloride __... ... 131-133° 
Mixture of Aand B ... whi ve ... 160-163° 
Mixture of AandC ... oss ies ... 110-119° 


Hence the presence of one methylthiol grouping was established. 


Synthesis of methionine by Strecker’s method. 

B-Methylthiolpropaldehydediethylacetal, CH,.S.CH,.CH,.CH(OC,H;),, was 
prepared by passing excess of methyl mercaptan (2 mol.) into alcoholic sodium 
ethoxide solution and dropping (1 mol.) 8-chloropropaldehydeacetal [Wohl, 
1898] into it. B.P. 89°/14 mm., 96°/20 mm. Yield 70 % of the theoretical. 

Analysis. 0-1124 g. gave 0-1456 g. BaSO,: S= 17-8 %. 
0-1180 g. gave 0-1552 g. BaSO,: S = 18:0 %. 
Calc. for C,H,,0.S8: S = 18-0 %. 

For this and other syntheses the methyl mercaptan was prepared by 
hydrolysis of S-methylthiourea [Arndt, 1921]. The latter and the mercaptan 
were both obtained in a yield of 90 % of the theoretical. It is, however, most 
convenient to pass the mercaptan at once into sodium ethoxide solution, in 
a vessel provided with an ice-jacketed condenser, in order to keep back as 
much as possible of the malodorous mercaptan. Since the chloro- and the 
methylthiol-acetal have nearly the same boiling-point, a large excess of 
mercaptan is used in order to make the reaction go completely and avoid the 
necessity of a separation. 

B-Methylthiolpropaldehyde, CH,.8.CH,.CH,.CHO. The acetal was hydro- 
lysed by boiling for half an hour with two volumes of water containing 1-2 cc. 
of dilute hydrochloric acid. The aldehyde separated on cooling, and was 
extracted with ether. B.p. 60°/12 mm. Yield, 80 % of the theoretical. 

a-Amino-y-methylthiolbutyronitrile, CH,.8.CH,.CH,.CH(NH,)CN. To a 
well-cooled mixture of the aldehyde in ether and one equivalent of ammonium 
chloride in concentrated aqueous solution there was added slowly one equivalent 
of potassium cyanide in the minimum quantity of water, with frequent shaking. 
Excess of ammonium chloride (2-3 g.) was then added and the mixture was 
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shaken for 6 hours. The ethereal layer was separated and the aqueous layer 
was thoroughly extracted with ether. The total ether extract was dried over 
sodium sulphate and dry hydrogen chloride was passed into the well-cooled 
solution. A brown semi-crystalline syrup separated and the ether could be 
decanted off. Attempts to obtain the pure aminonitrile hydrochloride failed, 
so the crude product was used. 

a-Amino-y-methylthiolbutyric acid, CH,.S.CH,.CH,.CH(NH,)COOH. After 
pouring off the ether, two volumes of concentrated hydrochloric acid were 
added, and the solution was boiled for 2 hours, during which the original 
dark brown colour deepened and a tar separated. The hydrochloric acid was 
removed as far as possible by vacuum distillation and the semi-crystalline 
residue, containing a large amount of tar and ammonium chloride, was 
dissolved in the minimum amount of boiling water. 10 cc. of pyridine were 
added to remove free hydrochloric acid; on adding three volumes of boiling 
alcohol the amino-acid separated in clusters of narrow platelets. It was 
recrystallised from alcohol and melted at 281° with decomposition. The yield 
was on the average 6 % of the theoretical, calculating from the aldehyde used. 

The last reaction is the one unsatisfactory feature of this synthesis. The 
following improvements were attempted. 

(1) Washing the acid solution of the aminonitrile with ether, and boiling 
with hydrochloric acid, without separating the crude aminonitrile hydrochloride. 
In this way the large amount of inorganic salt remains in the solution, and 
the amino-acid has to be precipitated with mercuric chloride; only a trace of 
the amino-acid was obtained in this manner. 

(2) Hydrolysis of the aminonitrile by dilute hydrochloric acid. This did 
not prevent formation of tar and gave much poorer results than concentrated 
hydrochloric acid. 

(3) Hydrolysis by barium hydroxide. The tar separated on the walls of 
the flask and the solution remained clear. After 10 hours’ boiling, the barium 
was removed quantitatively and the filtrate was evaporated. Only a little 
gum remained, which gave the ninhydrin reaction and contained sulphur, but 
could not be crystallised. 

(4) The original condensation was repeated with five equivalents of 
ammonium chloride and potassium cyanide, but this gave much more tar and 
only a minute amount of the amino-acid. 

(5) A slightly improved yield resulted when the ethereal solution of the 
aldehyde was added to a concentrated aqueous solution, containing one 
equivalent each of potassium cyanide and ammonium chloride. The solution 
was kept ice-cold and stirred vigorously. 

Analysis. 
5-91 mg. gave 0-551 mg. N (micro-Kjeldahl). 

9-38 mg. gave 14-5 mg. BaSO, (micro-Carius). 
Found: 9:3 % N; 21:3 % S. 
Calc. for C;H,,0,NS: 9-4 % N; 21-5 % S. 
91 
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a-Naphthylearbamido-derivative, CH,.8.CH,.CH,.CH(NH.CO.NH.C,9H,) 
COOH. 0-1 g. methionine, both synthetic and natural, in 6-8 cc. of N/10 sodium 
hydroxide was mixed with 0-12 g. a-naphthyl isocyanate and shaken for one 
hour, then filtered. The clear filtrate was just acidified with hydrochloric acid 
and a bulky precipitate was thrown down (excess of acid causes the precipitate 
to coagulate to a sticky mass which cannot be crystallised). The precipitate 
was filtered off, thoroughly washed and dried. It crystallised after dissolving 
in boiling alcohol and adding three volumes of boiling water. On cooling short 
stout needles separated. Some difficulty was experienced in obtaining good 
crystals and the product often separated in a semi-amorphous, gelatinous 
condition, even when an alcoholic solution was left to evaporate at room 
temperature. Mixtures of benzene with acetone and alcohol are unsuitable. 
Similar difficulties are not uncommon with naphthylcarbamido-derivatives. 

In the cage of natural methionine the a-naphthylcarbamido-derivative was 
obtained at the second attempt with the melting-point 187°, that given by 
Mueller. The derivative of synthetic methionine, however, was only obtained 
in imperfect crystals, in spite of several attempts, and melted at 181-2°. The 
mixture with the derivative of the natural substance also melted at this 
temperature. Some other derivatives were therefore made. 


Methionine thiohydantoin, CH,.8.CH,.CH,.CH.CO. Following Johnson 
de NH 

“ur, 

CS 
and Nicolet [1913], 0-1 g. methionine and 0-25 g. ammonium thiocyanate were 
added to 3 cc. of acetic anhydride containing two drops of glacial acetic acid. 
The mixture was heated on the water-bath for 5 minutes, when solution was 
complete. Further heating does not improve the yield. 10 cc. of water were 
added, when a reddish-brown oil separated. The mother liquor was decanted, 
and attempts were made to crystallise the oil. Since this failed, 2 cc. of 
concentrated hydrochloric acid were added and the mixture was evaporated 
to dryness. This removed acetyl groups and a crystalline residue was obtained. 
Extraction with hot acetone and concentration gave fine yellow needles. These 
were recrystallised from hot alcohol, when they became colourless. A small 
additional crop was obtained by evaporating the aqueous mother liquor to 
dryness with 3cc. of concentrated hydrochloric acid and extracting the 
residue with hot acetone. The total yield was poor. It was later improved by 

extracting the oil with chloroform. 


Analysis. 


5-76 mg. gave 0-841 mg. N (micro-Kjeldahl). 
8-53 mg. gave 21-06 mg. BaSO, (micro-Carius). 
Found: 14-6 % N; 33-8 % 8S. 

Calc. for C,H,oON,S,: 14:7 % N; 33-7 % S. 
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The thiohydantoin of the natural amino-acid, that of the synthetic acid, 
and the mixture of both, all melted at 146°, proving their identity. 

Methionine picrolonate. 0-1 g. of the amino-acid and 0-18 g. picrolonic acid 
were dissolved in 5 cc. of water; the solution was boiled for 10 minutes and 
then evaporated on the steam-bath. The residual sticky syrup was dried in 
vacuo over sulphuric acid and then extracted with hot acetone. When 
thoroughly dried the picrolonate is not very soluble in cold acetone and 
crystallises from fairly dilute solution in sickle-shaped pale yellow crystals. 
It is extremely soluble in water and alcohol, and gives a syrup on evaporation 
of its solution in either solvent. 

The picrolonate of natural methionine melted at 178°, that of synthetic 
at 178°, and their mixture at 177-178°. This also proves the identity. A slight 
darkening occurs at 173° together with softening, but the actual melting and 
decomposition point is sharply defined at 178°. 


Attempted synthesis by Erlenmeyer’s method. 


This is only of interest in so far as it illustrates the limitations of a favourite 
way of synthesising amino-acids, which has of late been very useful in con- 
nection with thyroxine, 3: 4-dihydroxyphenylalanine, and other aromatic 
amino-acids [cf. Harington and McCartney, 1927]. Erlenmeyer [1893, 1899, 
1901, 1904] synthesised only two aliphatic amino-acids, leucine and serine, 
and described in the former case the condensation product of isobutyraldehyde 
and hippuric acid as an oil “welches nach liangerem Stehen zu krystallisieren 
beginnt.” The difficulty with aliphatic aldehydes seems to be that the con- 
densation preduct is so soluble that it does not readily crystallise out and thus 
inhibits the reaction. The success with aromatic aldehydes can hardly depend 
on the acidic character of the benzene nucleus, for Pyman made histidine by 
this method. In the case of methionine hippuric acid and diketopiperazine 
were quite useless and the preparation of a few grams of the condensation 
product with hydantoin required much labour. 

Methylthiolacetal, CH,.8.CH,.CH(OC,H,),. This was the first compound 
of the kind we made. Methyl mercaptan [Arndt, 1921], from 50 g. of S-methyl- 
thiourea sulphate and 70 cc. of 5 N sodium hydroxide, was passed into a 
solution of 7 g. of sodium in alcohol and then 30 g. of bromoacetal [Fischer 
and Landsteiner, 1892] were dropped in. The reaction flask and condenser 
were cooled by ice. Sodium bromide separated at once; next day it was 
filtered off and after addition of water the acetal was extracted with ether. 
B.P. 188-190°/760 mm. Yield, 80 % of the theoretical. 


Analysis. 


0-1628 g. gave 0-2307 g. BaSQ,. 
0-1405 g. gave 0-2045 g. BaSQ,. 
Found: § = 19-9 %. 

Calc. for C,H,,0,S: S = 19-5 %. 
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Methylthiolacetaldehyde, CH,.8.CH,.CHO, was prepared by boiling the 
acetal for half an hour with 1 % HCl, and extraction with ether. The crude 
aldehyde boiled at 120—140°; yield, 65 %. 

NH.CO 

Methylthiolethylidene hydantoin, CH,.8.CH,.CH : C\ | . Using the 

CO.NH 
ordinary method of condensation with sodium acetate and acetic anhydride, 
we at first obtained only a very soluble brown oil. Later, following Wheeler 
and Hoffman [1911], we used glacial acetic acid instead of the anhydride (which 
causes acetylation) and two equivalents of sodium acetate. After boiling for 
2 hours under reflux, water was added, a little tar was removed by ether, the 
solution was neutralised and extracted with chloroform. The latter on 
evaporation left a brown syrup which partly crystallised ; the crystals were dried 
on a plate, washed with ether, recrystallised from acetone and then from water. 
m.P. 156°. Yield, 50 mg. from 2 g. aldehyde or 1 % of the theoretical. Potassium 
acetate (a better dehydrating agent) increased the yield to 2-3 %. Condensa- 
tion at 150-200° in a sealed tube was useless. Ultimately we got a yield of 
nearly 20 % with acetic acid and potassium acetate, by improving the method 
of extraction. After boiling for 2 hours the acetic acid was removed by 
vacuum distillation and the semi-solid residue extracted with chloroform. The 
extract was washed with sodium carbonate and water, dried, and evaporated. 
It was dissolved in a little chloroform and ether was cautiously added. This 
caused some of the condensation product to crystallise. The mother liquor was 
evaporated, the residue was dissolved in acetone and again treated with ether, 
giving a further yield of crystals, a maximum total of 1 g. from 3 g. aldehyde. 

Analysis. 

7-25 mg. gave 1-178 mg. N (micro-Kjeldahl). 
7-50 mg. gave 1-216 mg. N (micro-Kjeldahl). 
0-0690 g. gave 0-0934 g. BaSO,. 

0-1030 g. gave 0-1403 g. BaSQ,. 

Found: N, 16-3, 16-2 %; 8, 18-6, 18-7 %. 
Calc. for C,H,O,N,S: N, 16-3 %; 8, 18-6 %. 

Reduction of the hydantoin condensation product. Sodium amalgam in cold 
absolute alcohol produced no change. Sodium in hot alcohol gave a few 
crystals, M.p. 210-213°, but mostly an uncrystallisable syrup; judging by the 
odour, a volatile sulphur compound was given off during the reduction. Zinc 
dust and 75 % acetic acid gave the same odour, a syrup and some unchanged 
substance. Aluminium amalgam gave a similar result. 

Attempted condensation of hydantoin and phenoxyacetaldehyde. The acetal of 
the latter was prepared according to Pomeranz [1894] and more conveniently 
by dissolving one part of sodium in three equivalents of phenol, adding one 
equivalent of bromoacetal, boiling for 4 hours and then steam-distilling from 
alkaline solution; yield, 70°. The free aldehyde, on condensation with 
hydantoin by various methods, gave much tar and no crystals. 








METHIONINE 1425 


B-Methylthiolpropionic acid, CH,S.CH,.CH,.COOH, was prepared from 
mercaptan and ethyl-8-iodopropionate. The methylthiol ester distilled at 
192°/760 mm., 95°/20 mm.; yield, 60 % of the theoretical. It was hydrolysed 
by boiling for 4 hours with N hydrochloric acid. The acid was a colourless oil, 
B.P. 235-240°/760 mm. 

Analysis. 

0-0961 g. gave 0-1857 g. BaSO,. 

0-1863 g. neutralised 15-60 cc. 0-1 N NaOH. 

S = 266%. Equivalent = 119-4. 

Calc. for C,H,0,S: 8 = 26-7 %. Equivalent = 120. 

f-Methylsulphonepropionic acid, CH,.SO,.CH,.CH,.COOH, was obtained 

by oxidising 1-7 g. of the methylthiol acid, accurately neutralised with potas- 
sium hydroxide, at 0° with 1-5 g. of potassium permanganate in 100 cc. of 
water. The sulphone acid was extracted, after acidification and evaporation, 
by means of alcohol and crystallised at 105° as stated by Schneider [1910], who 
obtained it by oxidation of the amine from cheirolin. This sulphone acid is 
very stable and boils without decomposition below 200° at 4mm. We 
synthesised this acid and its precursor with a view to obtaining them as 
degradation products of methionine, before the latter was synthesised. For 
the characterisation of methionine a sulphone may become useful, but, since 
the oxidation is irreversible, a sulphone derivative would be useless for 
isolating methionine. A sulphoxide would be preferable. 


We desire to express our gratitude to Dr J. Howard Mueller of Boston for 
his sympathetic attitude to our work, which he assisted in the later stages by 
a supply of methionine. We also gratefully acknowledge a grant from the 
Moray Fund of Edinburgh University. 
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IRRADIATED MYCOSTEROLS OTHER 
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THE evidence so far available indicates that of the three groups of “proto- 
plasmic” sterols, the zoo-, phyto- and myco-sterols, only one member of the 
last group, t.e. ergosterol, can be antirachitically activated by irradiation. 
Besides ergosterol there is present in ergot a second mycosterol, to which 
Tanret [1908] has given the name fungisterol. In view of the apparently 
unique property of ergosterol, it became essential to study the behaviour of 
fungisterol in this direction. Our previous attempt to settle this question gave 
indecisive results [Rosenheim and Webster, 1927], partly owing to the difficulty 
of separating the substance from crude ergosterol, containing only about 10 % 
fungisterol, but mainly owing to the small total amount of sterols obtainable 
from ergot. We have since been able, through the kindness of Mr F. H. Carr, 
of the British Drug Houses, Ltd., to work up the mother-liquors resulting from 
the recrystallisation of large amounts of ergosterol from ergot. The biological 
examination of the sterol isolated by us led to the conclusion that the slight 
antirachitic activity acquired by it on irradiation was due to contamination 
with traces of ergosterol. This result is in agreement with the spectroscopic 
analysis which indicated the presence of less than 5 % of ergosterol in this 
specimen of fungisterol. Another specimen of an apparently identical sterol, 
prepared from ergot, was kindly put at our disposal by Messrs Burroughs, 
Wellcome and Co. and gave identical results. The physical constants of the 
two sterols agree with each other, but not with those of fungisterol, as described 
by Tanret. Apparently the latter product was still a mixture of several 
sterols, of which two further constituents were isolated and are being in- 
vestigated chemically in Messrs Burroughs, Wellcome and Co.’s laboratories. 
Their biological examination, which we carried out, also gave negative 
results. 

These facts lend further confirmation to the view expressed previously 
[Rosenheim and Webster, 1928] that ergosterol is the only substance which 
can be converted into vitamin D by irradiation. 
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EXPERIMENTAL. 


Chemical. The residue of the mother-liquors after removal of crystallisable 
ergosterol, representing the yield from about 250 kg. ergot, was a yellowish 
powder (5:5 g.) which melted at 107-110° and had [a]}%,, — 63°. The 
product was acetylated and the acetate recrystallised from acetic anhydride. 
The apparently uniform product (M.P. 117-118°, [a]}9,, — 50°) was fractionated 
from methyl alcohol at various temperatures. The fractions obtained at 36° 
and 18°, containing presumably the bulk of the less soluble ergosterol, were 
discarded, and the colourless crystals deposited at — 5° from the filtrates were 
again recrystallised from methyl alcohol. The final product weighed 0-195 g., 
[a]2¢4, — 43° (c in chloroform = 1), M.P. 117—-118°, solidified at 102° (a mixed 
M.P. with cholesterol acetate, 107—108°). 

The sterol isolated in Messrs Burroughs, Wellcome and Co.’s experimental 
laboratories had a constant rotation of [a];4., — 34° (cin chloroform = 1-5). It 
had no definite melting point, but the acetate melted at 117—120°. A mixed 
M.P. of this and our own preparation showed no depression. The two specimens 
appear to be identical, but both were still contaminated with traces of 
ergosterol, as shown by a specific colour reaction (to be published shortly) and 
by their spectroscopic examination. 

Tanret’s fungisterol had m.p. 144° and [a], — 22°; the acetate M.p. 158-5° 
and [a], — 15-9°. There is no criterion by which Tanret’s success in freeing 
his product from ergosterol may be judged, and, although its physical constants 
differ from those of the presumably purer preparations above described, it 
seems advisable to retain the name “fungisterol”’ for the sterol which con- 
stitutes the largest amount in the sterol mixture accompanying ergosterol in 
ergot. It is interesting to note that zymosterol which occurs together with 
ergosterol in yeast [Smedley-MacLean, 1928] is evidently not identical with 
fungisterol. 

The following information was kindly supplied to us by Messrs Burroughs, 
Wellcome and Co. with regard to the two other sterols isolated by them from 
ergot. 

Sterol (1) had [a];4,, + 60° (c in chloroform = 0-9). It melted at 172° and 
gave a benzoate M.P. 173° (mixed M.P. of sterol with its benzoate 150°) and 
[@]5461 + 72° (c in chloroform = 0-8). 

Sterol (2). A substance giving the colour reaction of a sterol. It had m.p. 
ca. 260°, [a]54¢1 — 90° (c in alcohol = 0-2). 

Spectroscopic examination. An alcoholic solution of fungisterol (1 : 20,000) 
showed no absorption when compared on the same plate with a solution of 
ergosterol of the same strength, in which the characteristic bands were con- 
spicuous. An approximate match with the latter was obtained only when the 
strength of the fungisterol solution was increased to 1 : 1000. The ergosterol 
content of this specimen was therefore probably less than 5 %, and that of 
the second specimen was found to be of the same order. 
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Sterol (1) showed no absorption even in the highest strength tested 
(1 : 1000), and gave an entirely negative test with the above-mentioned specific 
colour reaction for ergosterol. It may therefore be considered as practically 
free from ergosterol. 

Sterol (2). Spectroscopic examination indicated about 8 % ergosterol as 
impurity. The colour reaction for ergosterol was strongly positive. 

Biological examination. This was carried out by our usual technique. The 
sterols were irradiated in alcoholic solution and the modified Sherman- 
Pappenheimer diet was used in the feeding experiments. Continued experience 
with this technique in a large number of tests on hundreds of rats has shown 
us that the minimum effective dose of irradiated ergosterol lies between 
1/10,000 and 1/20,000 mg. per diem. On the assumption that the ergosterol per- 
centage of the specimens of fungisterol, as shown by spectroscopic analysis, 
was of the order of 5 %, the doses were so adjusted that the minimum dose 
of ergosterol, which would be effective after irradiation, was present in the 
largest dose (1/500 mg.) of fungisterol, whilst the smallest dose (1/5000 mg.) 
of fungisterol, although still double the amount of the effective dose of 
ergosterol, would only contain about 1/100,000 mg. of the latter. The results 
were decisive and in general agreement with the spectroscopic test, showing 
that doses of 1/5000 and 1/2500 mg. of irradiated fungisterol did not prevent 
severe rickets, whilst the largest dose induced healing, though not as complete 
as in the control experiments receiving 1/20,000 mg. of irradiated ergosterol. 
This result justifies the conclusion that the effect produced by these specimens 
of irradiated fungisterol is due to the ergosterol still contained in them as 
impurity. A similar series of experiments was found to be conclusive in 
demonstrating the biological inactivity of irradiated zymosterol, one of the 
mycosterols of yeast [Hume, Smith and Smedley-MacLean, 1928]. 

Sterol (2) gave practically identical results, whilst sterol (1) proved to be 
entirely inactive, even in the largest doses administered, thus again confirming 
the evidence of the spectroscope and the colour reaction. 


SUMMARY. 


A mycosterol, accompanying ergosterol in ergot, was isolated, for which 
Tanret’s name “fungisterol” is retained. This, as well as two other sterols 
from the same source, was found to be biologically inactive after irradiation. 
The results confirm the evidence previously adduced for the unique function 
of ergosterol as the mother-substance of vitamin D. 
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OwinG to the alkaline hydrolysis which, so far as we know at present, is an 
essential step in any method for the isolation of thyroxine from the thyroid 
gland, the fact that the compound is always obtained in the racemic condition 
is not surprising. It is, however, to be assumed that, in the natural state, 
thyroxine occurs as one or other optically active modification, and, further, 
that the physiological activity of the naturally occurring isomeride may be 
considerably greater than that of its enantiomorph. 

The fact that so-called natural thyroxine, as we know it, is the di-com- 
pound rendered the complete chemical and physiological identification of the 
natural and synthetic substance an easy matter. Should the naturally occur- 
ring variety of thyroxine be considerably more active physiologically than its 
isomeride, an explanation of the discrepancy observed by certain workers 
[cf. Reid Hunt, 1922] between the physiological activity of thyroxine and of 
amounts of thyroid gland containing equivalent quantities of iodine, would 
be afforded by the fact that the thyroxine had been artificially racemised, for 
in the process of racemisation the thyroxine might lose anything up to one- 
half of its physiological activity depending on the relationship between the 
activities of the two isomerides. 

The best solution of the problem would obviously be the isolation of 
optically active thyroxine from the thyroid gland. A large number of experi- 
ments in this direction have been made, but so far all have proved fruitless. 
As is indicated by the experiments of earlier workers on the subject and as 
fully borne out by the experience of the present writer, acid hydrolysis is 
entirely useless. From the constitution of thyroxine indeed this is to be 
expected; since 3 : 5-diiodotyrosine, in which the iodine atoms are present 
in a Configuration similar to that of the 3’ : 5’-iodine atoms of thyroxine, is 
also readily destroyed by boiling with acids. Assumirig the necessity of a 
drastic hydrolysis then, a necessity which is indicated by all the available 
evidence, the only possible line of attack seems to be through the action of 
enzymes. Many attempts in this direction have been made, but success has 
not as yet attended any of them. One of the main difficulties in this connection 
is the fact observed many years ago by Oswald [1909], and again by the 
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present writer [Harington, 1926], that certain preparations of trypsin have 
the property of splitting off more or less of the iodine of the thyroid gland as 
iodide. Certain experiments have indeed indicated that this is not a universal 
property of all trypsin preparations, and the hope has not been abandoned 
that a preparation may be obtained which will effect the desired hydrolysis; 
it is evident, however, that many further experiments will be required in order 
to determine the necessary conditions. 

Since no further immediate progress could be made in this direction, it 
was decided to tackle the question from the other end, and to attempt the 
resolution of synthetic dl-thyroxine. It will be evident from the description 
which has already been given of the properties of thyroxine that the chief 
difficulty to be anticipated in this work is insolubility, which makes the pre- 
paration and purification of salts a troublesome task. In order to minimise 
this difficulty it was decided, in the first instance, to resolve dl-3 : 5-diiodo- 
thyronine! into its optically active components, and then to iodinate these 
to the corresponding optically active thyroxine. dl-3 : 5-Diiodothyronine, on 
warming with anhydrous formic acid, readily yielded a formyl derivative, a 
substance readily soluble in alcohol but quite insoluble in water. It was first 
attempted to prepare salts of this compound with alkaloids such as brucine, 
strychnine, or cinchonine which have been used with success in the resolution 
of the formyl derivatives of other di-amino-acids. The alkaloid salts of dl- 
formyldiiodothyronine, however, were compounds with unattractive pro- 
perties. They were almost entirely insoluble in water, but little soluble in 
absolute alcohol, and fairly readily soluble in mixtures of the two solvents. 
They invariably separated from solution as oils which could in no case be 
induced to crystallise; in short, it became evident that they were useless for 
the purpose in view. It appeared from this experience that one had to seek 
not only for greater solubility but for greater tendency to crystallise; that is 
to say, that the employment of a base with lower molecular weight was more 
likely to give favourable results. With this in view attention was directed to 
the employment of a-phenylethylamine, and the use of this base has led to at 
least a partial success. On warming equivalent amounts of the acid and base 
in a large volume of water, solution took place, and on cooling about 70 % of 
the acid separated in the form of the phenylethylamine salt. This insoluble 
fraction could not be obtained optically pure by recrystallisation; the mother 
liquor on the other hand yielded a soluble fraction which after one or two re- 
crystallisations appeared pure; the acid was recovered from this salt, the 


1 In order to lessen the clumsiness of the systematic nomenclature of thyroxine derivatives it 
is proposed to call the amino-acid, desiodothyroxine, “‘thyronine,” the positions being numbered 


as shown 
5 6’ 5 6 
nok» 0 <_Den.cosn,coon 
y 32 


so that thyroxine would be “3 : 5 : 3’ : 5’-tetraiodothyronine.” 
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formyl group removed by hydrolysis with hydrobromic acid, and the resulting 
optically active diiodothyronine iodinated in the ordinary way. Since the 
insoluble fraction could not be purified it was necessary to employ in turn the 
two isomerides of the base; in this way, using /-a-phenylethylamine there was 
obtained /-thyroxine having [a], — 3-2° and, using d-a-phenylethylamine, 
d-thyroxine having [a]? , + 297°. I am indebted to Dr J. H. Gaddum for 
the physiological investigation of these samples of optically active thyroxine. 
A brief account of his results is included in this paper, and the work will be 
more fully described elsewhere. Briefly, according to his results, /-thyroxine 
is about three times as active physiologically as the d-compound. If we assume 
that the pure d-compound is inactive, this result would indicate that each 
isomeride was contaminated with about 25 % of the other; the chemical work 
seems to indicate that the separation was probably better than this, but the 
point must remain in doubt until natural optically active thyroxine has been 
obtained. At present the most that can be said is that /-thyroxine is very 
definitely the more active physiologically, and is therefore presumably the 
naturally occurring isomeride. 

The numerical value of the rotation of optically active thyroxine according 
to these experiments is indeed surprisingly low, and it might be that partial 
racemisation had been induced during the final iodination of the diiodo- 
thyronine. In order to control this point, an experiment was performed in 
which /-tyrosine was iodinated and the resulting 3 : 5-diiodotyrosine reduced 
to tyrosine again by shaking in alkaline solution with hydrogen and palladium- 
calcium carbonate. The tyrosine finally obtained in this way showed the same 
optical rotation as the starting material. If the analogy holds, therefore, as 
seems not unreasonable to expect, it should be possible to assume that no 
racemisation has accompanied the introduction of the last two iodine atoms 
into thyroxine. 

EXPERIMENTAL. 

Formyl-3 : 5-diiodothyronine. 15 g.dl-3 : 5-diiodothyroninet were warmed 
on the water-bath for 3 hours with 100 cc. of 99 °% formic acid; the solution 
was evaporated under diminished pressure and the residual syrup warmed for 
a further 3 hours with 50 cc. of formic acid ; the process was once more repeated, 
distillation of the formic acid this time leaving a crystalline residue; the latter 
was extracted with warm absolute alcohol; a small amount of unchanged 
amino-acid remained undissolved and was removed by filtration; the filtered 
solution was boiled with charcoal, filtered and poured into a large volume of 
hot water; on slow cooling the formyl] derivative crystallised out in colourless 
plates, m.p. 207°; the yield was 12 g. The compound was practically insoluble 
in water; it was readily soluble in alcohol, but sparingly so in other organic 
solvents. 


1 For the 3 : 5-diiodothyronine used in this work and in that described in the following paper 
I am indebted to Messrs Hoffmann la Roche of Basel to whom, and in particular to Dr M. Guggen- 
heim, I wish to express my best thanks. 
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Analysis. 1-13 mg. required 4-9 cc. N/200 thiosulphate [Kendall, 1914]. 
22-8 mg. gave 0-537 mg. N (micro-Kjeldahl). 

I N 

Calculated for ven NI, 45-9 2-5 
Found .... - 46-0 2-4 


dl-a-Phenylethylamine, seal: “ the reduction of acetophenoneoxime with 
sodium and alcohol, was resolved by the method of Aeschlimann [1925]: the 
I-base had [a]? — 41-0° and the d-base [a]{¥,, + 40-5° in benzene solution. 

A preliminary experiment was carried out as follows: 11-06 g. dl-formy]- 
3 : 5-diiodothyronine were suspended in 1100 cc. of boiling water and treated 
with 2-42 g. l-a-phenylethylamine dissolved in 200 cc. of warm water; after 
boiling for a minute the acid had passed into solution; a trace of impurity 
was removed by filtration and the solution allowed to cool slowly and stand 
for 24 hours at the ordinary temperature; the salt which separated was 
crystalline but evidently not homogeneous, appearing under the microscope 
as clumps of stout needles mixed with a felt of fine ones. It was filtered off, 
washed with water and dried; it amounted to 8-35 g. (theoretical 6-74 g.). On 
concentrating the mother liquor under diminished pressure to about 100 cc. 
the more soluble salt separated at first as an oil, which, however, soon crystal- 
lised to an apparently homogeneous felted mass of fine colourless needles 
(3-7 g.). The latter salt was fairly soluble in alcohol, whilst the first fraction 
seemed to be much less so; the 8-35 g. were therefore ground up with cold 
alcohol, filtered off and washed with alcohol; it was then recrystallised by 
dissolving in dilute alcohol and boiling until the alcohol was removed; it still, 
however, did not appear homogeneous. The two fractions were then decom- 
posed and the optical rotations of the acids observed; that from the soluble 
salt had [a]**,, + 21-3°; that from the insoluble salt [a] eee — 16-9°. 

In the light of the above results the following series of experiments were 
carried through; repetition of the resolution has given essentially similar 
results. 

A. 1-Thyroxine. 

6-1 g. formyl-dl-3 : 5-diiodothyronine were converted into the salt with 
l-phenylethylamine under the conditions described above; the insoluble salt 
amounted to 4-6 g. and the soluble salt to 2-5 g.; the latter had ee + 22-0° 
(c=5 in 50°% alcohol); after two recrystallisations from water it had 
[a] aoe + 23-8° under the same conditions; it crystallised in masses of fine 
colourless needles which were anhydrous and melted at 188-189°. 

Analysis. 1-26 mg. required 4-45 cc. N/200 thiosulphate [Kendall, 1914]. 


15-3 mg. gave 0-637 mg. N (micro-Kjeldahl). 
I N 


Calculated for C,,H,,0;N,I, 37-7 4-2 
Found ey ze des 37-4 4-2 
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Formyl-1-3 : 5-ditodothyronine. The above salt was dissolved in dilute alcohol 
and decomposed by the addition of slightly more than the theoretical amount 
of dilute hydrochloric acid. Precipitation of the acid was completed by cautious 
dilution with water. The formyl-l-3 : 5-diiodothyronine formed colourless 
plates, darkening at 195° and melting at 214° (decomp.). In 5 % solution in 
alcohol in a 2 dm. tube a = 2-78°, whence [a]?1,, = + 27-8°. 

l-3 : 5-Ditodothyronine. The formyl derivative was boiled for 1 hour under 
a reflux condenser with 15 % hydrobromic acid; the solution was evaporated 
to dryness under diminished pressure and the residual hydrobromide dissolved 
in warm aqueous alcohol; the solution was then cautiously neutralised with 
ammonia whereupon the amino-acid separated in glistening colourless plates, 
M.P. 256° (decomp.). , 

In 5-4 % solution in 0-880 ammonia it had [a]? — 1-3°. 

l-Thyroxine. The above amino-acid was iodinated in ammoniacal solution 
as previously described [Harington and Barger, 1927], and the thyroxine 
purified through the sodium salt. Mention may here be made of the observation 
that in this final step in the synthesis of thyroxine it is better to employ the 
strongest iodine solution (i.e. above 2-5 .N); by adopting this measure the 
greater part of the thyroxine is obtained as the ammonium salt, and the yield 
is raised to 75-80% of the theoretical. The /-thyroxine obtained in this 
experiment melted at 235-236° with decomposition; 0-66 g. was dissolved in 
6-07 g. of 0-5 N sodium hydroxide and 13-03 g. of alcohol; under these con- 
ditions it had [a]?¥), — 3-2°. 


B. d-Thyroxine. 


The steps in the preparation of d-thyroxine were precisely similar, so that 
detailed description is not necessary. 

11-06 g. formyl-dl-3 : 5-diiodothyronine were converted into the salts with 
d-a-phenylethylamine. The soluble fraction amounted to 3-6 g. and, on re- 
crystallisation, formed colourless needles, melting at 187—188°, and having 
[a ated — 21-9 in 5 % solution in 50 % alcohol. 

Formyl-d-diiodothyronine. On decomposition the above salt gave formy]l- 
d-3 : 5-diiodothyronine, which formed colourless plates melting at 210°, and 
having, in 5 % solution in alcohol [a]? 1 — 26-9°. 

d-3 : 5-Diiodothyronine. The formyl] derivative, on hydrolysis, yielded d- 
3 : 5-diiodothyronine, m.P. 256° with decomposition. In 4-35 % solution in 
0-880 ammonia this had [a if , + 115°. 

d-Thyroxine. The thyroxine prepared by iodination of the above amino- 
acid melted at 237° with decomposition, and had [are + 2-97° (0-74 g. 
dissolved in 6 g. of 0-5 N sodium hydroxide and 14 g. of alcohol). 
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C. Effect of iodination on optical activity of tyrosine. 


The /-tyrosine used in these experiments had [a]? — 12-0° (4:8 % solution 
in N hydrochloric acid). For the preparation of 3 : 5-diiodotyrosine, the 
tyrosine was dissolved in 20 parts of concentrated ammonia (Sp. Gr. 0-880); 
the solution was cooled in ice and treated drop by drop with a concentrated 
(2-5 N) solution of iodine in potassium iodide until the theoretical 2 mols. had 
been added. On removal of the ammonia by distillation in vacuo, or by 
spontaneous evaporation, the diiodotyrosine crystallised out; it was filtered 
off, washed with cold water, and recrystallised from 50 % acetic acid with the 
addition of charcoal. The yield was 60 % of the theoretical. The product, in 
4-8 % solution in N hydrochloric acid, had [a]? + 2-6°. 

The diiodotyrosine so obtained was dissolved in 100 parts of N potassium 
hydroxide and the solution shaken in an atmosphere of hydrogen in presence 
of the palladium-calcium carbonate catalyst, exactly as described for the 
reduction of thyroxine [Harington, 1926]; the theoretical uptake of hydrogen 
was complete within 45 minutes. The catalyst was removed by filtration and 
the solution neutralised with acetic acid and concentrated on the water-bath; 
the yield of tyrosine was about 80 % of the theoretical, and the product had 
[je — 11-8° (4:8 % solution in N hydrochloric acid). No racemisation had 


therefore been induced by iodination followed by reduction. 


Note sy J. H. Gappum. 
From the National Institute for Medical Research. 


Samples of the optical isomers obtained from Dr Harington have been 
tested for their effects on the growth of tadpoles, and on the oxygen con- 
sumption and weight of rats. 


Effect on tadpoles. 


Evidence has been presented elsewhere [Gaddum, 1927] in support of the 
belief that, under suitable conditions, the effect of thyroxine on tadpoles may 
be used as a specific quantitative test for this substance. The optical isomers 
were compared by the method described in the above-mentioned paper. The 
tadpoles are immersed in batches of 12 for 24 hours in dilute solutions of the 
substance to be tested. They are then kept in tap water and the average length 
of each batch is determined at intervals. Several such tests were performed 
and it was consistently found that both the d-thyroxine and the /-thyroxine 
produced, in small concentrations, definite effects on the length and develop- 
ment and also that the /-thyroxine produced these effects in slightly smaller 
concentrations than the d-thyroxine. No definite value has yet been obtained 
by this method for the proportion between the potencies of the preparations. 
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Effect on rats. 


The oxygen consumption was determined by a method devised by 
Richards and Collison [1928]. This method enables a continuous record both 
of the oxygen consumption and of the movements of the animal to be kept, 
and, for the determination of the basal oxygen consumption, periods have 
been chosen during which the record showed no movement. The rats were 
kept without food each night, and each morning they were weighed and 
their basal oxygen consumptions were measured. When these had reached 
a fairly steady level, the thyroxine was injected subcutaneously (2 mg. of 
thyroxine being dissolved in 1 cc. of N/100 NaOH). It was found that this 
injection produced a rise in oxygen consumption lasting 3-14 days. The ex- 
periments are not yet complete, but it is already clear that both preparations 
produce definite effects in doses of 4 mg. per kg. both on the weight and on 
the oxygen consumption. The /-thyroxine appears to be about three times as 
potent as the d-thyroxine. 


Conclusion. 


The two tests applied both point to the conclusion that the /-thyroxine is 
definitely more active physiologically than the d-thyroxine, but that the latter 
possesses considerable activity. 

There are two possible explanations of this fact. 
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SrncE thyroxine has been available in the pure condition its therapeutic use 
has been limited by the fact that it is only possible to elicit with certainty the 
full physiological activity of the substance when it is administered intra- 
venously. When thyroxine or its sodium salt is administered by the mouth 
absorption appears to be irregular, and scarcely ever is the full effect of a 
given dose obtained. Except, therefore, in hospital practice where the in- 
travenous injection offers no difficulties, thyroxine compares unfavourably 
with crude desiccated thyroid gland as a therapeutic agent. In our opinion 
thyroxine fails to be absorbed after oral administration owing to its extreme 
insolubility when in the free condition. The necessity of a drastic hydrolysis 
of the thyroid gland before thyroxine can be isolated points to the probability 
that the compound exists in the gland as a constituent of a peptide or protein, 
which one would expect to be readily soluble in water. If this hypothesis be 
correct one may assume that after ingestion of the whole gland substance, 
the active principle is either absorbed as a peptide or is liberated by enzymic 
action, but liberated in a physical condition favourable to absorption. It was, 
therefore, thought worth while to attempt the preparation of some simple 
peptides containing thyroxine, in order to see whether a relatively soluble 
compound could be obtained, and, if so, whether such a compound, when 
administered by mouth, would exercise the physiological effect of thyroxine 
with a certainty comparable to that attainable by the intravenous injection 
of the latter. The preparation of glycyl- and dl-alanyl-thyroxine was under- 
taken and is described in detail below. Unfortunately, however, the intro- 
duction of a single amino-acid residue is insufficient to affect the solubility of 
thyroxine to an appreciable extent; these two peptides are very nearly as 
insoluble in water as is thyroxine itself. On administration to rats by mouth 
they give similar effects to those obtained by the oral administration of 
equivalent amounts of the sodium salt of thyroxine, over which therefore they 
offer no therapeutic advantage. This result is however of some interest, in 
that it indicates either that these peptides must undergo hydrolysis in the 
body, in spite of their insolubility, or that the blocking of the amino-group of 
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thyroxine in this way offers no obstacle to the exercise of the typical physio- 
logical effect. As might be expected, the preparation of even the simple 
peptides containing thyroxine offers considerable technical difficulties owing 
to the extreme insolubility of all thyroxine derivatives; it was not therefore 
considered practicable to pursue this line of investigation further by attempting 
the preparation of more complex thyroxine-containing peptides. 

It was thought that the desired increase in solubility might be attained 
by the acylation of thyroxine with a hydroxy-acid, and with this object 
N-lactylthyroxine has been synthesised. Here again, however, disappointment 
was encountered, in that the N-lactyl derivative, whilst being extremely 
soluble in alcohol, was almost insoluble in water. It must, therefore, be con- 
fessed that, up to the present, no practicable method of increasing the solu- 
bility of thyroxine has been devised. 

It is convenient also to include in this paper an account of the amines 
corresponding to thyroxine and to 3 : 5-diiodothyronine; the latter amino- 
acid was readily decarboxylated by a modification of the method recently 
described by Johnson and Daschavsky [1925] and Abderhalden and Gebelein 
[1926] and the resulting amine could be iodinated to give thyroxamine. But 
little physiological interest appears to attach to these substances; when 
tested on tadpoles [Gaddum, 1927] thyroxamine shows similar effects to those 
obtained with thyroxine; neither of the amines, however, shows any marked 
pressor effect such as might have been anticipated from their constitution. 
Their preparation and properties are only recorded as a matter of chemical 
interest. 

EXPERIMENTAL. 


A. Glycyl- and dl-alanyl-thyroxine. 


The preparation of these peptides was accomplished in two ways: (a) by 
coupling chloroacetyl chloride and a-bromopropionyl chloride respectively 
with the methyl ester of 3 : 5-diiodothyronine, followed by hydrolysis of the 
ester group, treatment with ammonia, and finally introduction of the remaining 
two iodine atoms; (6) by coupling the acid chlorides with thyroxine methy| 
ester, followed by hydrolysis of the ester group and treatment with ammonia. 

(a) 3 : 5-Diiodothyronine methyl ester hydrochloride. The amino-acid was 
suspended in five parts of methyl alcohol and the solution saturated with a 
vigorous stream of dry hydrogen chloride; after cooling, the saturation was 
repeated. The solution was concentrated to a small volume by distillation 
under diminished pressure whereupon the ester hydrochloride crystallised out; 
it was filtered off and a small further crop was obtained by cautious addition 
of ether to the mother liquor. The whole was recrystallised from dilute alcohol 
containing some hydrochloric acid, and formed colourless needles, M.P. 230° 
(decomp.). The yield was 87 % of the theoretical. The compound was but 
little soluble in water or absolute alcohol, but fairly readily soluble in mixtures 
of the two solvents. 
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Analysis. 1-33 mg. required 5-5 cc. N/200 thiosulphate [Kendall, 1914]. 
31-1 mg. gave 0-79 mg. N (micro-Kjeldahl). 


I N 
Found see fin ee 43-8 2-5 
Calculated for C,,H,,0,NCII, 44-1 2-4 


3 : 5-Ditodothyronine methyl ester. The ester hydrochloride was dissolved 
in 50 % alcohol and the cold solution treated with one equivalent of 0-1 NV 
sodium hydroxide; crystallisation rapidly set in and was completed by dilution 
with water. The yield was quantitative. On recrystallisation from dilute 
alcohol the ester formed clusters of small needles melting at 174-175°. It was 
insoluble in water, fairly soluble in alcohol, but very sparingly so in all other 
ordinary organic solvents. 

Analysis. 2-07 mg. required 9-25 cc. N/200 thiosulphate [Kendall, 1914]. 

30-1 mg. gave 0-76 mg. N (micro-Kjeldahl). 


I N 
Found aie se ae 47-4 25 
Calculated for C,,H,;O,N1, ... 47-1 2-6 


Chloroacetyl-3 : 5-diiodothyronine methyl ester. Owing to the great insolu- 
bility of the amino-acid ester in benzene and chloroform, the coupling with the 
acid chloride could not be conveniently brought about in these solvents; for 
the purposes of this reaction it was found better to employ anisole as a solvent; 
0-54 g. of the ester was dissolved in 12 cc. of redistilled anisole and the solution 
cooled in ice; with continual cooling and good shaking 0-125 g. of chloroacetyl 
chloride was added; the solution was then shaken with 0-4 g. of sodium 
bicarbonate dissolved in a little water and a further addition of 0-125 g. of 
chloroacetyl chloride was made. The solution was filtered from a trace of 
undissolved matter and the anisole layer separated and dried over calcium 
chloride; the anisole was removed by distillation at a pressure of 1-2 mm., 
the bath temperature not being raised above 60°. The oily residue was dissolved 
in a little warm benzene; on spontaneous evaporation of the solvent the ester 
crystallised out and was filtered off and washed with ether. The yield was 
75-80 % of the theoretical. Recrystallised from dilute alcohol it formed fine 
hair-like needles, m.p. 160°. It was readily soluble in alcohol and benzene. 

Analysis. 1-72 mg. required 6-65 cc. of N/200 thiosulphate [Kendall, 1914]. 

33°3 mg. gave 0-72 mg. N (micro-Kjeldahl). 


I N 

Found ia i ve 41-2 2:3 

Calculated for C,,H,,ONCII, 41-0 2-2 
Chloroacetyl-3 : 5-ditodothyronine. The above ester was dissolved in N 
sodium hydroxide (two equivalents) and the solution was allowed to stand for 
15 minutes at room temperature; two equivalents of N hydrochloric acid were 
then added, whereupon the acid separated as an oil which, on rubbing, solidified ; 
it was purified by dissolving in hot 30 % alcohol, from which, on slow cooling, 
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it separated as a sphaero-crystalline powder; on heating it sintered at 156° and 
melted at 166-168°. 
Analysis. 1-66 mg. required 6-55 cc. N/200 thiosulphate [Kendall, 1914]. 
35-7 mg. gave 0-851 mg. N (micro-Kjeldahl). 


I N 
Found si io as 41-8 2-4 
Calculated for C,,H,,0O;NCII, 42-2 2-3 


This acid was easily soluble in alcohol and glacial acetic acid, but sparingly 
so in other organic solvents and in water. 

Glycyl-3 : 5-diiodothyronine. Chloroacetyl-3 : 5-diiodothyronine was covered 
with a large excess of 25 % aqueous ammonia and allowed to stand in a sealed 
tube at the ordinary temperature for 5 days. The contents of the tube were 
then mixed with an equal volume of alcohol, and evaporated under diminished 
pressure. The residue was extracted with hot absolute alcohol, and the in- 
soluble portion crystallised from 30% alcohol from which it separated in 
colourless needles. On heating, it darkened above 150°, but did not melt 
definitely below 290°. 


Analysis. 1-59 mg. required 6-5 cc. N/200 thiosulphate [Kendall, 1914]. 
15-5 mg. gave 0-716 mg. N (micro-Kjeldahl). 
26-5 mg. gave 1-24 cc. moist N at 758 mm. and 21° (Van Slyke). 


I N NH,-N 
Found ses sind “is 43-3 4-6 2-6 
Calculated for C,,H,,0;N,I, 43-6 4-8 2-4 


The compound was almost insoluble in water and alcohol, and only very 
sparingly soluble in mixtures of these two solvents. 

Glycylthyroxine. Glycyl-3 : 5-diiodothyronine was dissolved in concen- 
trated ammonia and iodinated in the manner employed for the preparation 
of thyroxine; towards the end of the addition of the iodine, the product began 
to separate as a micro-crystalline powder. After standing in the cold for some 
time this material was separated on the centrifuge; it was purified by dissolving 
in strong ammonia, from which, on spontaneous evaporation of the latter, it 
separated as a micro-crystalline powder. For analysis it was dried in vacuo 
at 110° over phosphorus pentoxide. 

Analysis. 1-13 mg. required 6-43 cc. N/200 thiosulphate [Kendall, 1914]. 

17-6 mg. gave 0-595 mg. N (micro-Kjeldahl). 


I N 
Found ‘i ah se 60-3 3-4 
Calculated for C,,H,,0;NoI, 60-9 3-4 


The preparation of dl-alanyl-3 : 5-diiodothyronine was carried out by a pre- 
cisely similar series of reactions which do not call for any detailed comment. 

a-Bromopropionyl-3 : 5-ditodothyronine methyl ester. This was prepared 
similarly to the corresponding chloroacetyl compound. On recrystallisation 
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from dilute alcohol, it formed clusters of colourless needles, melting at 161- 
162°. 
Analysis. 1-78 mg. required 6-3 cc. N/200 thiosulphate [Kendall, 1914]. 
38-1 mg. gave 0-751 mg. N (micro-Kjeldahl). 
I N 
Found ai ns aks 37-5 1-9 
Calculated for C,gH,,0O;NBrI, 37-7 2-1 
a-Bromopropionyl-3 : 5-diiodothyronine. The above ester was hydrolysed 
by treatment with N sodium hydroxide (two equivalents) at the ordinary 
temperature for 15 minutes. On acidification, the crude acid separated as an 
oil which slowly solidified ; this was dissolved in dilute sodium carbonate, and 
the sodium salt of the acid precipitated by addition of saturated sodium 
chloride; the sodium salt was redissolved and again precipitated, and was 
then converted into the free acid, which was crystallised first from dilute 


acetic acid and then from dilute alcohol. It formed a sphaero-crystalline : 
powder, melting at 194-195°. It was readily soluble in alcohol and glacial 
acetic acid, sparingly so in other organic solvents and in water. 
Analysis. 2-05 mg. required 7-4 cc. N/200 thiosulphate [Kendall, 1914]. 
42-3 mg. gave 0-876 mg. N (micro-Kjeldahl). 
I N 
Found He _ - 38-3 2-1 
Calculated for C,,H,,0O;NBrI, 38-5 2-1 
dl-Alanyl-3 : 5-ditodothyronine. This was prepared by the action of 25 % 
aqueous ammonia solution on the above acid for 5 days at the ordinary 
temperature. On slow separation from its solution in hot 30% alcohol, it 
formed a sphaero-crystalline powder, M.P. 207°. 
Analysis. 1-83 mg. required 7-29 cc. N/200 thiosulphate [Kendall, 1914]. 
20-1 mg. gave 0-905 mg. N (micro-Kjeldahl). 
30-4 mg. gave 1-2 cc. moist N at 763 mm. and 21° (Van Slyke). 
I N NH,-N 
Found se ms ae 42-2 4-5 2-2 
Calculated for C,,H,,0;N.I, 42-6 4-7 2-3 : 


The solubilities of this dipeptide were similar to those of the corresponding 
glycyl derivative, but its conversion into alanylthyroxine by iodination did 
not proceed satisfactorily, the product being extremely difficult to purify. 
The preparation of alanylthyroxine, as also a second synthesis of glycyl- 
thyroxine, was therefore carried out, using thyroxine itself as a starting point, 
by the following series of reactions. 

(6) Thyroxine methyl ester hydrochloride. Thyroxine (5-8 g.) was covered 
with methyl alcohol (60 cc.) and the solution saturated with a vigorous stream 
of dry hydrogen chloride; after cooling, the saturation was repeated, and the 
solution was then concentrated by distillation under diminished pressure. The 
crystalline precipitate was filtered off, washed with alcohol and ether, and 
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dried. The yield was 90 % of the theoretical. For analysis it was recrystallised 
from dilute alcohol containing a little hydrochloric acid, when it formed 
colourless needles melting at 221-5° with decomposition. The ester hydro- 
chloride was sparingly soluble in water or alcohol, fairly readily so in mixtures 
of the two solvents. 
Analysis. 1-03 mg. required 5-93 cc. N/200 thiosulphate [Kendall, 1914]. 
33°6 mg. gave 0-536 mg. N (micro-Kjeldahl). 


I N 
Found as i. 4 61-0 1-6 
Calculated for C,,H,,0,NCII, 61-4 1-7 


Thyroxine methyl ester. The ester hydrochloride was dissolved in 50 % 
alcohol and the solution treated with 2N sodium hydroxide (one equivalent). 
Crystallisation of the ester commenced immediately, and was completed by 
addition of water and standing in the cold for some time. Recrystallised from 
dilute alcohol, it formed small prismatic needles melting at 156°. The ester 
was readily soluble in alcohol, but sparingly so in all the usual organic solvents 
and in water. 

Analysis. 1-04 mg. required 6-18 cc. N/200 thiosulphate [Kendall, 1914]. 

41-8 mg. gave 0-697 mg. N (micro-Kjeldahl). 


I N 
Found i si ‘i 63-0 1-7 
Calculated for C,,H,,0,NI, 63-4 1-7 


Chloroacetylthyroxine methyl ester. Thyroxine methyl ester (0-8 g.) was 
dissolved in redistilled anisole (16 cc.); the solution was cooled in ice and 
treated gradually, with continued cooling and good shaking, with 0-12 g. of 
chloroacetyl chloride dissolved in 4 cc. of anisole; 0-4 g. of sodium bicarbonate 
in a little water was added, and a further addition of 0-12 g. of chloroacety! 
chloride was made. The anisole layer was separated and dried over calcium 
chloride, and the anisole removed by distillation under diminished pressure; 
the oily residue was rubbed up with light petroleum, whereupon it solidified. 
It was recrystallised from benzene, from which it separated in colourless 
prisms, melting at 159-160°; the yield was 80 % of the theoretical. The com- 
pound was easily soluble in alcohol and benzene, sparingly so in light 
petroleum and insoluble in water. 

Analysis. 1-54 mg. required 8-4 cc. N/200 thiosulphate [Kendall, 1914]. 

31-5 mg. gave 0-478 mg. N (micro-Kjeldahl). 


I N 
Found a i _ 58-9 1-5 
Calculated for C,,H,,0;NCII, 58-6 1-6 


Chloroacetylthyroxine. The above ester was dissolved in 50 % alcoholic N 
sodium hydroxide (two equivalents) and the solution was allowed to stand at 
the ordinary temperature for 20 minutes; at the end of this period hydro- 
chloric acid (2 equivalents) was added; the precipitated acid was filtered off 
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and dried, the crude yield being practically quantitative. On slow separation 
from its solution in dilute acetic acid, the compound formed a colourless 
sphaero-crystalline powder, which melted with decomposition at 201-202°. It 
was readily soluble in alcohol and glacial acetic acid, but practically insoluble 
in other organic solvents and in water. 
Analysis. 1-58 mg. required 8-65 cc. N/196 thiosulphate [Kendall, 1914]. 
30-1 mg. gave 0-468 mg. N (micro-Kjeldahl). 


I N 
Found wi — on 59-1 1-55 
Calculated for C,,H,,0O;NCII, 59-5 1-6 


Glycylthyroxine. Chloroacetylthyroxine (0-3 g.) was heated with 25% 
aqueous ammonia (10 cc.) in a sealed tube at 100° for 1 hour; after cooling, 
the solution was filtered from a trace of insoluble matter and allowed to 
evaporate spontaneously, whereupon the peptide separated as a micro- 
crystalline powder, contaminated with ammonium chloride. When the solution 
was reduced to a small bulk the solid was filtered off and dried; it was then 
extracted with boiling absolute alcohol, and the insoluble residue was dissolved 
in alcohol with the addition of a little concentrated aqueous ammonia; on 
long standing the peptide separated as a crystalline powder, which was filtered 
off, washed with alcohol and ether, and dried at 110° in vacuo over phosphorus 
pentoxide. It melted with decomposition at 188-190°, and was identical with 
the product described above as resulting from the iodination of glycyl-3 : 5- 
duodothyronine. 

Analysis. 1-16 mg. required 6-6 cc. N/200 thiosulphate [Kendall, 1914]. 

15-2 mg. gave 0-536 mg. N (micro-Kjeldahl). 
16-4 mg. gave 0-51 cc. moist N at 180-752 mm. (Van Slyke). 


I N NH,-N 
Found =r - ~~ 60-3 3-5 1-8 
Calculated for C,,H,,0;N.[, 60-9 3:4 1-7 


a-Bromopropionylthyroxine methyl ester. This was prepared similarly to the 
chloroacetyl compound by the coupling of a-bromopropionyl chloride with 
thyroxine methy] ester in anisole solution. The yield was 70 % of the theoretical. 
The compound was crystallised from benzene and formed masses of prismatic 
needles which melted with decomposition at 199-201°. 
Analysis. 1-55 mg. required 7-86 cc. N/196 thiosulphate [Kendall, 1914]. 
31-9 mg. gave 0-495 mg. N (micro-Kjeldahl). 


I N 
Found wih nl ae 54-7 1-6 
Calculated for C,,H,,0;NBrlI, 54-9 1-5 


a-Bromopropionylthyroxine. The above ester was hydrolysed with cold 
sodium hydroxide in the usual manner, and the crude acid purified by recrystal- 
lisation from dilute acetic acid, from which it separated first as an oil which 
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subsequently solidified to a felted mass of fine needles, melting at 193-194° 
with decomposition. 
Analysis. 1-11 mg. required 5-8 cc. N/200 thiosulphate [Kendall, 1914]. 
45-2 mg. gave 0-663 mg. N (micro-Kjeldahl). 


I N 
Found aie aes i 55-4 1-5 
Calculated for C,,H,,0;NBrI, 55-7 1-5 


Alanylthyroxine. a-Bromopropionylthyroxine (0-25 g.) was heated with 
25 % aqueous ammonia (9 cc.) in a sealed tube at 100° for 1 hour; the reaction 
mixture was worked up as described for glycylthyroxine. The separation of the 
alanyl compound was considerably slower, and the yield was poorer (25 % of 
the theoretical). The compound, which formed a colourless powder with no 
definite crystalline structure, melted with decomposition at 195-200° after 
sintering at 185°. In physical properties it was similar to glycylthyroxine. For 
analysis it was dried in vacuo at 110° over phosphorus pentoxide. 
Analysis. 1-24 mg. required 6-98 cc. N/200 thiosulphate [Kendall, 1914]. 
15-3 mg. gave 0-497 mg. N (micro-Kjeldahl). 
15-4 mg. gave 0-45 cc. moist N at 18°/752 mm. (Van Slyke). 


I N NH,-N 
Found _... is eis 59-6 3-2 1-7 
Calculated for C,,H,,0;NoI, 59-9 3°3 1-65 


B. N-Lactylthyroxine. 

N-Acetyllactylthyroxine methyl ester. Acetyllactyl chloride was prepared by 
the method of Anschiitz and Bertram [1904]. Thyroxine methy] ester (1-6 g.) 
was dissolved in redistilled anisole (32 cc.); to the solution, cooled in ice, was 
gradually added a solution of acetyllactyl chloride (0-5 mol.) dissolved in 
anisole. The precipitate of thyroxine methyl ester hydrochloride was filtered 
off and amounted to 0-8 g. The anisole was removed from the filtrate by dis- 
tillation in vacuo, and the residual oil dissolved in benzene in which it was 
very soluble; addition of light petroleum precipitated the ester, the crude 
yield being quantitative. It was purified by recrystallisation from light 


petroleum. 
Analysis. 1-43 mg. required 7-46 cc. N/196 thiosulphate [Kendall, 1914]. 
I 
Found ‘ape on oe 56-3 
Calculated for C,,H,0,NI, 56-1 


N-Lactylthyroxine. The above ester was dissolved in N sodium hydroxide 
(3 mols.), and the solution was allowed to stand for 20 minutes at the ordinary 
temperature; a slight excess of dilute hydrochloric acid was then added; the 
precipitated acid was filtered off, washed with water, and recrystallised first 
from dilute alcohol and then from dilute acetic acid. It formed bunches of 
colourless needles melting at 199-200° with decomposition. It was very 
readily soluble in alcohol and glacial acetic acid, but almost insoluble in water. 
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Analysis. 1-19 mg. required 6-58 cc. N/196 thiosulphate [Kendall, 1914]. 


I 
Found eis ues wai 59-6 
Calculated for C,,H,;O,NI, 59-8 
C. Amines. 
I 
3 : 5-Ditodothyronamine. Ho >.0.K eth cH. NH, 
I 


When 3 : 5-diiodothyronine was heated with diphenylamine according to the 
method described by Abderhalden and Gebelein [1926], decarboxylation took 
place, but there was considerable formation of tar and the yield of amine was 
poor; the operation was more successful when air was excluded from the 
reaction flask. Finely powdered 3 : 5-diiodothyronine accordingly was covered 
with diphenylamine (20 parts) and heated in a metal-bath, the air in the flask 
being displaced by a current of dry hydrogen; the first evolution of gas was 
perceptible at about 190°; from this point the temperature of the bath was 
slowly raised, until, after about 45 minutes a temperature of 240° had been 
attained; by this time the whole of the amino-acid had passed into solution 
and evolution of gas had ceased. The light brown solution in the flask was 
allowed to cool to about 70° and was then diluted with benzene and light 
petroleum ; separation of the amine commenced at once and was complete after 
some hours’ standing in the cold. The somewhat pigmented crystalline powder 
was filtered and well washed with light petroleum ; it was then dissolved in dilute 
alcohol with the aid of a little sulphuric acid, the solution was boiled with 
charcoal, filtered, and treated with excess of ammonia. The amine so obtained 
was practically pure, though still faintly coloured; the yield was 70-80 % of 
the theoretical. For complete purification the amine was converted into the 
sparingly soluble sulphate by dissolving in much boiling dilute sulphuric acid 
and allowing the solution to cool. The sulphate was filtered off, redissolved in 
dilute alcohol, and the base precipitated from the hot solution by addition of 
ammonia. The pure compound formed small colourless rhomboidal crystals, 
melting at 243-245°. It was fairly easily soluble in alcohol, but insoluble in 
the other common organic solvents and in water. 


Analysis. 0-98 mg. required 4-85 cc. N/200 thiosulphate [Kendall, 1914]. 
20-2 mg. gave 0-546 mg. N (micro-Kjeldahl). 


I N 
Found abe ea tee 52-5 2-7 
Calculated for C,,H,,0,NI, 52-8 2-9 


The hydrochloride formed glistening plates which were sparingly soluble in 
cold water, but more readily so in dilute alcohol; the substance melted with 
decomposition at 285-290°. 








age 
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Analysis. 1-53 mg. required 7-05 cc. N/200 thiosulphate [Kendall, 1914]. 
29-3 mg. gave 0-790 mg. N (micro-Kjeldahl). 


I N 
Found sis ait er 48-8 2:7 
Calculated for C,,H,,0,NCII, 49-1 2-7 


The sulphate formed long fine needles with similar solubilities. 

Thyroxamine. This compound was first prepared by the direct decarb- 
oxylation of thyroxine according to the method described above; it was 
impossible, however, to avoid a good deal of decomposition of the thyroxine, 
with liberation of free iodine, and the yield of the amine was unsatisfactory. 
Better results were subsequently obtained by the iodination of 3 : 5-diiodo- 
thyronamine. The latter compound (1 part) was dissolved in-pure methyl 
alcohol (500 parts) to which was added concentrated aqueous ammonia 
(10 parts); the cold solution was then treated gradually with a concentrated 
(2-5 N) solution of iodine in potassium iodide in the theoretical amount. When 
the addition of the iodine was complete the solution, which now had a yellow 
tinge, was concentrated, when the amine separated as a heavy crystalline 
powder. This was filtered off and purified by solution in 70 % alcohol with 
the addition of a little mineral acid, followed by precipitation of the base 
with ammonia from the hot solution. Repetition of this process once or twice 
gave a product which was analytically pure, and which formed small colourless 
needles melting at 207° with decomposition. 

Analysis. 50-3 mg. gave 64-3 mg. AglI. 

22-8 mg. gave 0-425 mg. N (micro-Kjeldahl). 


I N 
Found ... ve pie 69-1 1-9 
Calculated for C,,H,,O,NI, 69-3 2-0 


The sulphate and hydrochloride were both very sparingly soluble in water; they 
were soluble in dilute alcohol but did not crystallise well from this solvent. 
The chloroacetate was obtained by dissolving thyroxamine in a warm 
aqueous solution of chloroacetic acid and allowing to cool. It formed fine 
hair-like needles, which were fairly readily soluble in warm water (in which, 
however, a clear solution could not be obtained owing to dissociation), and 
could be recrystallised from water containing a little chloroacetic acid. The 
substance darkened and melted at 152°. 
Analysis. 54:3 mg. gave 0-858 mg. N (micro-Kjeldahl). 
N 
Found i is sire 1-6 
Calculated for C,,H,,0,NCI, 1-7 
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THE PHOSPHATASES OF MAMMALIAN 
TISSUES. 


II. PYROPHOSPHATASE. 
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(Received October 31st, 1928.) 


NEUBERG and WaGNER showed in 1926 that both dipheny! orthophosphate 
and diphenyl pyrophosphate, in aqueous solution in the form of their potas- 
sium salts, were hydrolysed practically completely, both by the phosphatase 
of takadiastase and by that of horse kidney, to salts of orthophosphoric acid 
[1926]. Neuberg and Jacobsohn [1928] have also shown that the potassium 
salt of di-o-cresol pyrophosphate is similarly hydrolysed by both of these 
phosphatases, and that potassium di-m-cresol pyrophosphate and potassium 
di-a-naphthol pyrophosphate are hydrolysed by takadiastase (kidney extract 
not mentioned). Both kidney extract and takadiastase (prepared from 
Aspergillus oryzae) contain, therefore, a pyrophosphatase. Lohmann [1928] 
has recently stated that pyrophosphates are present in muscle, and are hydro- 
lysed to orthophosphates when the hashed muscle is incubated in sodium 
bicarbonate solution. This production of orthophosphate has hitherto been 
very generally ascribed to the hydrolysis of “lactacidogen,” believed by 
Embden and others to be a hexosephosphate. If Lohmann’s claim is sub- 
stantiated, it follows that the greater part of the so-called “lactacidogen” 
phosphorus is not originally present as hexosephosphate at all. Still another 
factor is thus introduced into the problem of the complex réle played by 
phosphate in the biochemical changes associated with the contraction and 
metabolism of muscle. His findings also give a new importance to the presence 
of pyrophosphatase in the tissues. It becomes of interest to know whether 
there is any relation between the enzyme which hydrolyses pyrophosphate and 
that phosphoric esterase, widely distributed in the tissues, which hydrolyses 
glycerophosphate, hexosediphosphate and nucleotide [Kay, 1928], and many 
other orthophosphoric esters. 


EXPERIMENTAL. 


Pure sodium pyrophosphate was prepared by heating pure disodium 
hydrogen phosphate to a red heat in a platinum dish. So prepared, its aqueous 
solution gave a white precipitate (without the slightest trace of yellow) with 
silver nitrate and contained, as determined by the Briggs or the Bell-Doisy 
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method, no orthophosphate. (A commercial sample of “pure” potassium 
pyrophosphate was found to contain 10 % of orthophosphate.) Although 
quite stable in neutral or alkaline solution, preliminary experiments indicated 
that the salt was very slowly hydrolysed at room temperature by the con- 
centration of acid present in the determination of orthophosphate by the 
Briggs method. Under the conditions used by me the hydrolysis was at the 
rate of 0-016 mg. P in } hour, starting with 2-20 mg. pyrophosphate-P in the 
reaction flask, which contained the usual Briggs reagents, made up to 25 ce. 
Thus about 0-7 % of the original pyrophosphate was hydrolysed at room 
temperature by N/2 H,SO, in $ hour; this rate was linear for the first 2 hours 
at least. On this basis a correction! was applied where necessary. It is 
probable that the Briggs method, with the necessary correction, would prove 
useful in determining the rate of decomposition of pyrophosphate by acids, 
etc., under various conditions of temperature and concentration. 

Both sodium and potassium pyrophosphate were found to be readily 
hydrolysed to orthophosphate by various tissue extracts. Pyrophosphate 
must be almost unique as an example of a substance stable to a bright red heat, 


yet capable of enzymic decomposition. 


Optimum pj, for pyrophosphatase. 

This has been determined for the pyrophosphatase present in extracts of 
kidney cortex, duodenal mucosa, bone and lung of the cat, the kidney of 
the pig, and the bones of a young rat. In all cases it lies between p, 7-2 and 
7-8 (in Palitzsch’s borax-boric acid buffers), usually about 7-6 (Table I). 


Table I. Optimum p,, for action of pyrophosphatase. 


Palitzsch’s borax-boric acid buffers used, duration of hydrolysis 2 hours at 37-5°. Figures in mg. 
orthophosphate-P produced in 10 cc. of reaction mixture. 


Source of enzyme 





2 pai 
Cat’s kidney Pig’s kidney Cat’s duo- Young rat’s bone 
extract, fresh, extract, 1 year denal extract, extract, fresh, 

Pu 1/20 old, 1/20 1/160 1/20 

6-8 0-092 0-089 0-074 0-245 

71 0-104 0-111 0-094 0-303 

7-36 0-114 0-114 0-117 0-366 

7-6 0-126 0-117 0-086 0-403 

7-9 0-123 0-111 0-059 0-387 

8-2 0-104 0-088 0-034 0-341 

8-5 — 0-061 — 0-245 


It will be noticed that the optimal activity of pyrophosphatase at about 
Py 7:6 is in a much more physiological range than that of the orthophosphoric 


esterase (py 8-8-9-3). 


1 In view of this slow hydrolysis of pyrophosphate by the Briggs reagents, and Lohmann’s 
finding of relatively large quantities of pyrophosphate in fresh muscle, it may be necessary to 
apply a correction, varying in magnitude with the exact conditions, to the quantitative figures 
obtained for “phosphagen”’ in muscles by various workers, who have estimated it by the difference 
between inorganic phosphate determined by magnesia precipitation (or some similar method) in 
alkaline solution and by the Briggs colorimetric method (or some similar method) in acid solution. 
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Distribution in the tissues. 


Extracts of the following tissues (arranged in order of their activity) were 
found to be hydrolytically active on solutions of pure sodium pyrophosphate 
in borate buffers: duodenal mucosa! (most active), growing bone, kidney, 
lung, liver, adult bone (least active). Muscle extract, blood-plasma and extract 
of gastric mucosa also contained a weak pyrophosphatase. The extracts were 
made as previously described [Kay, 1928]. Boiled extracts showed no hydro- 
lytic activity. The active extracts, tested against glycerophosphate solutions 
of the same concentration of P per cc. as in the pyrophosphate solution, 
gave the usual optimum for the former substrate of py, 8-8-9-3. The order of 
hydrolytic activity displayed by the various tissue extracts was the same for 
glycerophosphate at p, 8-9 as for pyrophosphate at py, 7-6. (Such extracts 
hydrolysed pyrophosphate at p,, 8-9, and glycerophosphate at py, 7-6, but only 
very slowly.) Usually with the more active extracts the amount of ortho- 
phosphate-P produced at the optimal p,, of 7-6 from pyrophosphate solutions 
was about half of that produced from glycerophosphate solutions at py 8-9, 
i.e. the ratio 

amount orthophosphate-P produced from excess glycerophosphate at py 8-9 
amount orthophosphate-P produced from excess pyrophosphate at py 7-6 
was usually found to be approximately constant from one tissue to another. 

The hydrolysis of pyrophosphate by tissue extracts is brought about, 
therefore, by an enzyme whose distribution in the tissues appears to be similar 
to that of glycerophosphatase (= hexosediphosphatase = guanine nucleotidase), 
and it seems likely that the same phosphoric esterase is responsible. The reverse 
reaction of enzymic synthesis of phosphoric esters by tissue extracts I have 
shown to take place in the case of glycerophosphate [1928] and glycophos- 
phate (hydroxyethyl phosphate) by actually isolating the synthesised esters as 
the pure barium salts, but several attempts to accomplish the synthesis of 
pyrophosphate along similar lines from solutions of orthophosphates have so 
far been without success; the strong salt solutions used flocculate and inactivate 
the enzyme. 

Summary. 


Pyrophosphatase is widely distributed in mammalian tissues; its distribu- 
tion is similar to that of the orthophosphoric esterase previously described, 
but its zone of optimal activity is between p, 7-2 and 7:8, as against py 8-8-9-3 
for the latter enzyme. 
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1 The great activity of intestinal extracts would suggest that pyrophosphates taken by mouth 
are probably hydrolysed to orthophosphates before absorption from the gut. 
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THE object of this investigation was to ascertain whether the pathological 
changes in the guinea-pig which produce the syndrome of scurvy are connected 
with a disturbance in the absorption or in the retention of nitrogen. When a 
healthy guinea-pig of about 300 g. is placed on a scorbutic diet well balanced 
in other respects and is kept under hygienic and comfortable conditions it will 
grow and consume its normal requirements for about 21 days or even longer, 
although it has been suffering from scurvy for some days. After this stage the 
appetite diminishes and loss in weight is recorded owing to the aggravated 
condition of the animal caused by the progress of the disease. In the case of 
guinea-pigs kept in metabolism cages the diminished consumption of food 
may manifest itself a few days earlier owing to the greater discomfort caused 
by the scorbutic condition in the exertion of reaching the food. Animals 
maintained on scorbutic diets which are also deficient in other respects, such 
as a one-sided oats diet or a balanced mixture composed mainly of con- 
stituents which are not natural for the guinea-pig and consequently not very 
palatable, will begin to consume less of their food quite early. It is evident, 
therefore, that the character of the diet is of great importance in dietetic 
experiments in which the bearing of scurvy on metabolism is studied. The diet 
used in this investigation has proved to be suitable for this purpose. Despite 
the less comfortable conditions of the metabolism cage as compared with the 
ordinary cage, the animals began showing a tendency to consume less food at 
a time when the early symptoms of scurvy are usually in evidence and con- 
sequently any disturbance in the absorption and retention of nitrogen as- 
sociated with the onset of scurvy, or the development of the disease previous 
to the manifestation of obvious symptoms, would have been reflected at a time 
when the consumption of food was normal. Our results suggest that such 
disturbance does not take place. Whether a deranged metabolism of the 
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absorbed nitrogen is caused by the vitamin deficiency is being studied, along- 
side similar problems with a view of throwing some light on the mode of action 
of the antiscorbutic factor. 


Experimental procedure. 

Young growing guinea-pigs were employed since the quickly developing 
animal was considered to be more sensitive in manifesting a change in its 
nitrogen balance. The animals were kept in modified Hopkins metabolism 
cages, in a room the temperature of which never fell below 65° F. The cages 
which were 25 cm. in diameter were fitted with a detachable zinc floor per- 
forated with 2cm. holes, thus enabling the faeces to drop out of the cage 
fairly freely. At the end of the tunnel which formed an arm of the cage there 
was a frame in which a shutter, separating the cage from the food receptacle, 
was introduced. In the centre of the shutter was a round hole of such a size 
as to permit the animal free access to the food but preventing it from dragging 
any food into the tunnel or the cage. A glass separator, described by Gross 
and Connell [1923], was attached to the collecting funnel. Before the com- 
mencement of an experiment several specially chosen guinea-pigs of suitable 
weight were placed separately in the metabolism cages and were watched for 
some time. Only those animals which showed the capacity of adapting them- 
selves without much trouble to this existence were selected for investigation. 

The food mixture was made up as follows. 325 g. of bran were thoroughly 
mixed with 190 g. of barley meal and enough warm water was added to the 
mixture to make it damp and give it a convenient consistency. 280g. of 
middlings and 180 g. of fish meal were then added and the whole mixture was 
rubbed in small quantities between the hands in order to ensure a uniform 
distribution. Each batch of food, which was prepared for several days, was 
analysed for its nitrogen and dry matter content and was kept in an air-tight 
tin receptacle in the cold room. Bi-weekly nitrogen and dry matter deter- 
minations have shown that the composition of each batch of food remained 
constant. Besides this food mixture, which was given ad lib., the animal 
received a definite quantity of milk every day, delivered by hand, so that the 
quantity of liquid administered per day was always the same. The milk was 
made up from an analysed dried full-cream milk stock powder which was kept 
under the same conditions as the food mixture and which, by frequent analyses, 
was shown to keep a constant composition. 31-250 g. of this powder (contain- 
ing 97-15 % of dry matter) was dissolved in 250 cc. of water and kept in a 
well-stoppered bottle in the cold room. The uniformity of the nitrogen content 
was assured by analysing each batch of milk. 40 cc. of milk was administered 
to the animal daily in 10 ce. doses. On Sundays two doses of 10 cc. each of 
twice the normal strength of milk were given. 30 g. of the food mixture was 
weighed out every morning into a tared glass vessel which was placed in the 
food compartment. The following morning at the same time the food was 
weighed back. After careful observation we have satisfied ourselves that no 
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visible particle of food ever penetrated the tunnel or cage during the course of 
the experiments. The dry matter and nitrogen content of the residual food 
mixture were determined as soon as possible after collection. 

The urine was collected every morning at the same time in a weighed flask 
containing a known quantity of nitrogen-free acid—tartaric acid in the case 
of guinea-pig No. 1 and phosphoric acid in the remaining animals—and was 
weighed immediately after collection. The receptacles in which the faeces 
were received had cardboard covers which were kept damp in order to check 
evaporation as much as possible. After ascertaining the wet weight of the 
faeces the material was dried in an oven at 100° to brittle consistency, when it 
was ground and aliquot portions were taken for the determination of dry 
matter and of nitrogen. 

The dry matter content of the food, oven-dried faeces, and evaporated 
urine was determined by drying the material at 78° in a vacuum over phos- 
phorus pentoxide to constant weight. The nitrogen content was determined by 
a micro-method in which the material was oxidised with boiling concentrated 
sulphuric acid in the presence of anhydrous potassium sulphate and copper 
sulphate and the resulting ammonia after addition of sodium hydroxide was 
aspirated into standard acid. 0-5 g. was employed in the case of the food 
mixture and of the oven-dried faeces and 1-0 g. of the urine as collected. The 
carbon was determined on the vacuum-dried urine by the usua! combustion 
method, 0-1 g. of material being used in the determination. 





Discussion of results. 

Guinea-pig No. 1 (Tables I and IV). The experiment on this animal was 
divided into four periods. The first period was devoted to the investigation of 
the suitability of the technique. It commenced on Feb. 1, 1928 and lasted 
28 days. During this period the animal received the basal diet ad lib., 40 ce. 
of milk and 5cce. decitrated lemon juice per diem. The antiscorbutic dose 
contained about 0-5 g. of solids, mostly sugar. The nitrogen administered in 
this way was less than 1 mg. per day and was consequently outside the limits 
of accuracy of the method. The quantity of the food mixture consumed by the 
animal was of the same magnitude as that eaten by a similar animal in an 
ordinary cage, which with the help of the above antiscorbutic dose was found 
by one of us to promote normal growth and excellent health in guinea-pigs 
of this age. The adequacy of this basal diet for the guinea-pig is, therefore, 
apparent. During the 28 days of this period the animal gained about 50 g.— 
a gain which is, perhaps, rather less than the normal but which may be con- 
sidered quite satisfactory in view of the lesser comfort of the metabolism cage. 
It will be seen that the nitrogen balance during this period was definitely 
positive and more or less commensurate with the growth. The nitrogen intake 
(average 614 mg.) varied roughly from 500 to 700 mg. per day and was controlled 
by the amount of the basal mixture consumed daily and by the variation in 
the nitrogen content of the different batches of this mixture. The average daily 
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dry matter evacuated in the faeces (4-6 g.) was roughly a fourth of that ingested 
in the food (15-7 g. of the food mixture and about 5 g. of the dry milk), whilst 
about a sixth of the nitrogen ingested was excreted in this way. In the second 
period the food, mainly the basal mixture, was restricted so that the animal 
lost in weight, the quantity administered daily being controlled by the weight 
of the animal. The same dose of decitrated lemon juice was given in this period 
as in the preceding one, thus keeping the animal fully protected from scurvy. 


Table IV. 
Period eee ose eae I II iit IV 
Dry food (g.) Jee ies 15-7 9-3 16-6 14-1 
Nitrogen intake (mg.) ike 614 357 678 449 
Urine (g.) ... sn ies 24-8 20-7 25-2 22-6 
Urinary nitrogen (mg.)__... 449 352 465 414 
Dry faeces (g.) sae as 4-6 2-9 4:8 4:3 
Faecal nitrogen (mg.) a 105 66 112 73 
Faecal % N of total N intake 18-0 19-1 16-8 15-7 
Nitrogen balance (mg.)__... +60 -61 +101 —38 


Period I. 28 days; basal diet + 5 ec. decitrated lemon juice. 

II. 8 days; restricted quantities of basal diet +5 cc. decitrated lemon juice. 
III. 10 days; basal diet +5 cc. decitrated lemon juice. 

IV. 12 days; basal diet +5 cc. water. 


” 
” 


bE 


In examining the figures of this period, it is seen, as one would expect, that 
there was a diminution in the amount of dry matter and nitrogen ingestion. 
The excretion of dry matter in the faeces and of nitrogen in the faeces and in 
the urine was accordingly diminished. The ratios, however, of the excreted 
dry matter or of nitrogen to those consumed did not alter to any great extent. 
The nitrogen balance of this period was, of course, negative. The eight days 
of restricted feeding were then followed by a recuperative period of 10 days, 
during which time the guinea-pig was fed as in period I. The figures obtained 
during this time resemble, in general, those of the first period. In the final 
period the decitrated lemon juice was discontinued and replaced by an equal 
volume of water. The animal was consequently receiving a scorbutic diet. 
During the first 9 days the guinea-pig progressed well, but at this stage it 
developed pneumonia, from which it died 4 days later. During the last 2 days 
it ceased consuming the food mixture. At the post mortem examination 
definite ridging of the costochondral junctions was found, but no other 
macroscopic scorbutic lesions were detected. It will be seen that during the 
8 days of the scorbutic period, the intake and output of the food and nitrogen 
were proceeding more or less as in periods I and III, and the relationship of 
the output of the dry matter and of the nitrogen in the faeces to their intake 
is not very different from that in the other periods. The nitrogen balance was 
again roughly parallel to the growth of the animal. Only during the last 3 or 
4 days was there a marked negative balance which was due to the very rapid 
premortal decline. a 
Guinea-pig No. 2 (Tables II and V). After a preliminary period of 6 days 
on the basal diet. and 5 cc. of decitrated lemon juice, the antiscorbutic was 





| 
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replaced by an equal volume of water. During the first 10 days of the scorh utic 
period the animal consumed its food well but after that time the intake gradually 
diminished and after a further 6 days there was a cessation in the consumption of 
the food mixture, the animal dying 2 days later. At the post mortem examination 
pneumonia, slightly swollen knee joints, haemorrhages in the gastrocnemius 
and femoral muscles of both legs and slightly enlarged costochondral junctions 
were established. In examining the intake and output figures during the first 
10 days of the scorbutic period, when the consumption of food was normal, 
no striking differences are found between them and those of the preliminary 
period. The output of dry matter and of nitrogen in relation to their intake 
is slightly higher but this is of an order to which no significance can be 
attached. As in the preceding animal, there was a very marked negative 
nitrogen balance during the decline in the premortal phase. 


Table V. 
Period Bet ee wee I II 
Dry food (g.) 5 ake 14:8 13-5 
Nitrogen intake (mg. ) oe 583 519 
Urine (g GATS <a Ses asa 23-4 22°3 
Urinary nitrogen (mg.)__... 459 345 
Dry faeces (g.) ae us 4:5 4-9 
Faecal nitrogen (mg.) 108 118 
Faecal N % ‘of total N intake 18-7 22-1 
Nitrogen balance (mg.) __.... +16 +56 


Period I. 6 days; basal diet +5 cc. decitrated lemon juice. 
» II. 10 days; basal diet +5 cc. water. 


Table VI. 
Period ome sue wns I IT Ii IV 
Dry food (g.) sa ane 13-0 9-9 0-6 11-5 
Nitrogen intake (mg. ) pas 562 440 104 499 
Urine | A). * ics ate 17-9 21-8 21-0 20-4 
Urinary nitrogen (mg. ao wae 291 349 309 298 
Dry faeces (g ) : ona 4-5 3-8 1-7 4-5 
Faecal nitrogen (mg.) 118 98 4t 106 
Faecal N % ‘of total N intake 21-0 22-9 43-2 20-9 
Nitrogen balance (neg cs +153 -7 — 249 +95 


Period I. 5 days; basai diet +5 cc. decitrated lemon juice. 
» II. 15 days; basal diet +5 cc. water. 
III. 8 days; 6 days on basal diet +5 cc. water and 2 days on basal diet +5 cc. decitrated 
lemon juice. 
» IV. 12 days; basal diet +5 cc. decitrated lemon juice. 


” 


Guinea-pig No. 3 (Tables III and VI). This animal had a preliminary period 
of 5 days, followed by a scorbutic period of 21 days, in which the decitrated 
lemon juice was replaced by water, and eventually by a curative period in 
which the decitrated lemon juice was resumed. In the very early part of the 
scorbutic period there was, for some unknown reason, a diminished consump- 
tion in the food mixture for a few days, but the animal soon resumed its 
normal consumption until the onset of the early symptoms of scurvy when 
the intake began diminishing as before until no consumption of the mixture 
was recorded. The diminution in the food consumption during the very early 
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stages of the scorbutic period has fortuitously proved of use for comparison 
with a short period when the consumption was of the same order between 
10th and 15th day and when the animal was undoubtedly scorbutic. By 
examining the nitrogen balance of these two periods one finds a great similarity, 
namely, a small negative balance caused by an insufficient intake of nitrogen. 
There is no indication that the presence of incipient scurvy made any difference 
in this respect. Again, when one examines the average figures for the first 
15 days of the scorbutic period (Table VI, period II) one finds that in spite 
of the somewhat diminished intake of the food and of nitrogen, the ratios of 
the output of total solids and of nitrogen in the faeces to their intake is not 
appreciably different from those of the first and last periods. Between the 
15th and 2Ist day of the scorbutic period and during the first 2 days of the 
last period, owing to the extremely small consumption of the basal mixture, 
the above ratios are abnormally high and the balance is markedly negative. 
The figures of the last period following the recovery from scurvy are very 
similar to those of the preliminary period. 


CONCLUSIONS. 


It will be seen from the above results that, in spite of all care, untoward 
complications, such as the intervention of pneumonia, could not be prevented. 
Disconcerting as this may be, it does not influence the results in such a way 
as to prevent them from affording the information which they were intended 
to yield, namely, whether there is any association between the onset of scurvy 
and a change in the absorption and retention of nitrogen. It was assumed 
that if this were the case it would manifest itself at an early stage of the 
animal’s existence on a scorbutic diet, since it has been shown that macro- 
scopic scorbutic lesions are in evidence approximately 10 days after the guinea- 
pig has been placed on the scorbutic diet, whilst microscopic changes may be 
observed even earlier [Zilva and Wells, 1919; Hodjer, 1924]; in fact, one of us 
has had the opportunity of observing small subcutaneous haemorrhages in 
some cases as early as the 6th day. Daily observations on the intake and output 
of nitrogen would, therefore, bring to light even an abrupt change of short 
duration before this could be vitiated by the superimposition of the changes 
due to starvation. In analysing the above results one does not find even a 
suggestion that this is the case. In turning our attention to the figures dealing 
with the retention of nitroger we see that in all the experiments the nitrogen 
balance is generally controlled by the amount of food consumed and in con- 
sequence by the growth of the animal in some instances, and is independent of 
the scorbutic condition of the animal. In the premortal phase or when the scurvy 
is acute, the balance is markedly negative, not because of the scurvy but as a 
consequenee of starvation caused by the disease, either alone or complicated 
with pneumonia. Were the syndrome of scurvy a sequel to a disturbed nitrogen 
retention caused by the vitamin deficiency it would become evident not much 
later than the 10th day. The accidental similarity of the food intake of guinea- 
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pig No. 3 between 20th and 27th June and between 30th June and 5th July 
shows further that this is not the case. Similarly, the results fail to show a 
diminished assimilation of nitrogen. This is particularly evident from the 
tables of averages which show that there is no striking difference in the 
relation between the faecal nitrogen and the total nitrogen intake of the 
scorbutic and normal periods. A difference is observed only when the intake of 
the food mixture is almost nil, as occurs during the few days preceding death or 
during period III of guinea-pig No. 3, which is evidently the effect and not 
the cause of scurvy. The C/N ratios in the urine of guinea-pigs 2 and 3 were 
not concordant; in the first animal there was a definite increase in the ratio 
soon after the animal was placed on the scorbutic diet. This increase persisted 
until the death of the animal. No such deviation was observed in the case of 
guinea-pig No. 3. 

As far as we are aware the only investigations which have been carried 
out on the nitrogen balance of scorbutic guinea-pigs in relation to normal 
animals have been recorded by Baumann and Howard [1917] and by Jarus- 
sowa [1928]. The former investigators have noted a high negative balance 
during the scorbutic period but, as their animals consumed an insufficiency of 
nitrogen and of calories during this period, a negative balance was to be 
expected. Jarussowa tried to overcome these difficulties. Briefly, her pro- 
cedure consisted in forcibly feeding the guinea-pigs, which were kept in a 
metabolism cage, with powdered oats in the form of pills and boiled cabbage 
juice. Figures for a series of periods, but not daily figures, are given by her. 
It transpires from these data that the animal maintained its initial weight of 
396 g. more or less steadily for 24 days, after which time it began losing weight 
rapidly. During these 1-24 days all the periods show a small positive balance. 
The following two periods are marked by an increasing and significant loss 
(18-2 %) in weight with a corresponding negative balance which lasted to the 
end of the experiment. The total daily nitrogen intake except for the last 
2 days lay in the neighbourhood of 500 mg., the daily output in the urine was 
a little less than 400 mg. and showed little variation, whilst the nitrogen output 
in the faeces was of the order 100 mg. per day for the first 18 days with about 
a 20% increase during the remainder of the experiment. This picture 
is not unlike the one we have obtained. We do not, however, agree with 
Jarussowa that “...wahrend der Skorbutentwicklung geht die Stickstofi- 
bilanz von einer positiven Grésse zu einer negativen iiber....”” Scurvy in the 
young guinea-pig does not develop on the 24th day, when the change in the 
nitrogen balance occurred in these experiments. At this time the disease is of 
such severity as to disturb seriously all the functions of the animal organism. 
For the same reason we do not think that the higher nitrogen content of the 
faeces during the last 12 days of the experiment, even if it be a regular feature, 
which our experiments make us doubt, is caused directly by scurvy. Jarussowa 
also observed that the C/N ratio of the urine doubled between the 18th and 
29th day and then became normal again until the end of the experiment. This 
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observation taken in conjunction with the discordant results we have obtained 
in this respect calls for further experiments in this direction. It seems, how- 
ever, unlikely, from both investigations that the development of scurvy is 
associated with an increased C/N ratio in the urine. 


SUMMARY. 


There are no indications of a disturbed absorption or retention of nitrogen 
during the early stages of the development of scurvy in growing guinea-pigs. 
The nitrogen balance becomes negative only when the intake of food is 
diminished as a consequence of the disease. Although the results obtained were 
not concordant, it is unlikely that the C/N ratio of the urine of young guinea- 
pigs is disturbed by the onset of scurvy. 
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THE experimental observation that vitamins exert their normal physiological 
action when consumed in very minute doses leads naturally to the enquiry, 
“Have the vitamins any injurious effect when consumed in abnormally large 
amounts?” <A similar, and probably closely related, question also arises, 
“Does an increased or diminished consumption of one vitamin affect the body’s 
requirements for the others??” A great number of past writers have assumed, 
either tacitly or directly, that both these questions could be answered in the 
negative. In the present communication an attempt is made to collate and 
extend certain evidence to the contrary. 

In regard to the water-soluble vitamins no evidence is as yet available to 
suggest that any ill-effects result from overdosing, though work with highly 
concentrated preparations has mainly been limited to the routine testing of 
minimal effective doses. In the case of the fat-soluble vitamins, on the other 
hand, several instances of supposed hypervitaminosis have been recorded, and 
several attempts have also been made to show that the fat-soluble and water- 
soluble requirements of the animal are to some extent interrelated. 

In this country the earliest recorded work bearing on these questions is 
that of Hopkins [1923], who in the course of the Cameron lecture for 1923 
mentioned that he had found that excess of cod-liver oil was often injurious 
to a rat unless “balanced” by an increased marmite (vitamin B) allowance. 
Somewhat later, in 1925, the work of Takahashi and his co-workers became 
generally known. To Takahashi is due the first suggestion that vitamins could 
have a lethal effect. Between 1922 and 1925 several papers had been pub- 
lished, in Japanese journals [1922, 1923], in which it was claimed that 
vitamin A (biosterin) had been isolated in a state of purity, and in the English 
article describing the substance [1925] it was reported that while daily doses 
of 0-004 mg. sufficed for the normal growth of rats, doses of 1-6 mg. invariably 


1 Certain conclusions here given were briefly summarised in the Lancet (1928), ii. 892. 

2 A particularised form of this question was put by Funk [1922]. “If, for example, the quantity 
of vitamine A is too little the requirements for vitamine B are perhaps increased. However, there 
are as yet no available data on this point.” Funk, it will be noticed, is here suggesting the exact 
reverse of a balance, as understood in this paper. 
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caused failure in growth and death. Drummond and his collaborators [1925] 
however had been engaged in a patient research in the same field, and were 
able to contradict Takahashi’s claim to have isolated the vitamin. Using 
carefully prepared concentrates no toxic action could be noticed in large doses, 
and it was suggested that the Japanese worker had been deceived by the 
presence in his preparation of poisonous by-products. Other investigators 
(e.g. Magliano [1925]) likewise stated that large excess of vitamin A or B, or 
of both, was harmless to a growing animal. In the face of such opposition 
interest in the problem naturally became small, and the possibility of vitamin 
excess, or vitamin balance, was generally held to be excluded. 

From time to time, however, various isolated and little known observations 
have been recorded, mostly in somewhat inaccessible literature, which possibly 
have not received the attention they deserve. Mouriquand and Michel [1922], 
also Bezssonoff [1923], had spoken of the noxious effect of large doses of cod- 
liver oil in scurvy, and on somewhat similar lines Euler and Widell [1925] made 
the surprising claim that excess of cod-liver oil caused disturbances in the growth 
and bone formation of rats unless balanced by vitamin C1, a factor which is 
generally supposed to be unnecessary for the well-being of that animal. More 
recently Agduhr [1926] has reported degenerative changes in the heart after 
the feeding of excessive amounts of the oil to various animals, but these 
results have been attributed by Héjer [1926] mainly to an inadequate pro- 
vision of the vitamin B complex. Hartwell [1927] and Sure [1927] have also 
carried out isolated work on the excessive feeding of cod-liver oil, special 
attention having been drawn to the injurious action of large excess of it during 
gestation. 

In the foregoing work, it will be noted, cod-liver oil or its concentrates 
were used as sources of vitamin excess, and there was little to indicate whether 
vitamin A, vitamin D or some other constituent of the oil was responsible 
for the ill-effects observed. Recently irradiated ergosterol has largely replaced 
cod-liver oil as a source of vitamin D, and as a result of the investigations of 
Pfannenstiel [1927] and Kreitmair and Moll [1928] substantial evidence has 
accumulated to justify at least the suggestion that toxic properties may be 
attributed to this vitamin per se, though there is no reason to suppose that it 
is necessarily the only toxic factor present in vitamin concentrates. The 
second-named authors, after a thorough and painstaking research, have 
reported fatal effects resulting from massive doses in a variety of different 
species, with notable exceptions in the case of the hen and axolotl. They 
observed, post mortem, extensive depositions of calcium and a generalised 
sclerosis,—phenomena of much interest in view of the known action of vitamin 
D in increasing Ca (or P) absorption. That these records should be received 
not without some scepticism, or at least confusion, is understandable, for 


1 In further development of this line of thought Grant [1926] concludes that for normal 
development of the teeth it is necessary to have an adequate balance between the dietary calcium, 
vitamin C and vitamin D, excess of one magnifying the effect of deficiency of the others. 
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numerous other workers have recorded the apparent harmlessness to a human 
being of “large” doses of irradiated ergosterol (Kroetz [1927]; see also Havard 
and Hoyle [1928]) or to a rat up to 10,000 times the minimal effective dose 
(Rosenheim and Webster [1927]). 

During the past year an attempt has been made in our laboratory to 
collate experimentally some of these scattered observations. A thorough 
survey is in progress, but we think it advisable to record the results so far 
obtained, which, in a general way, confirm definitely the idea of a harmful 
effect resulting from excessive intake of certain materials rich in fat-soluble 
vitamins. 

EXPERIMENTAL. 

All the experimental work recorded hereunder has been done on rats, 
either albino or piebald. Our procedure differed from that of Kreitmair and 
Moll in that growing animals were used, and that the vitamin preparations 
were administered mixed with the ration, instead of separately with forcible 
feeding when necessary or by intravenous injection. 


I. Excessive irradiated ergosterol. 


Technique. Young piebald rats, generally 40-50 g. in weight, were given 
“complete synthetic diets” containing irradiated ergosterol, in the concentra- 
tions 0-00001, 0-001 and 0-1 %. Animals from a single litter were distributed 
as evenly as possible. For controls, litter mates were given the same synthetic 
diet, but containing non-irradiated ergosterol and heated ergosterol in the 
same concentrations, and no ergosterol. Each rat in this experiment was 
isolated in a separate all-metal cage having a netted floor of somewhat coarse 
mesh. ; 

Diets. The diet consisted of: 

200 g. purified caseinogen, 
600 g. rice starch, 
50 g. salt mixture, 
190 ce. arachis oil; 
the last ingredient containing the appropriate quantity of irradiated, non- 
irradiated, or heated ergosterol as the case might be. The irradiated ergosterol 
was supplied to us by Messrs British Drug Houses!. The heated ergosterol was 
prepared by leaving non-irradiated ergosterol in an open dish for 3 hours at 
a temperature slightly above the melting point. Each animal received in 
1 Messrs British Drug Houses have provided us with the following details of their procedure. 
A 05 % solution of ergosterol in absolute alcohol was subjected to ultra-violet radiation in 
a thin layer in the absence of oxygen, except that no attempt was made to remove dissolved 
oxygen from the alcohol. The duration of the exposure was 15 minutes. The solution was con- 
centrated to a small bulk at a temperature not exceeding 40° with the use of a vacuum with a small 
stream of nitrogen. The concentrated solution was cooled and allowed to stand, for unchanged 
ergosterol to crystallise out. 14:9 % of the ergosterol originally taken was removed unchanged. 
The solution was further concentrated as before, transferred to a desiccator and the remainder of 


the solvent removed in vacuo at room temperature. We are informed by Messrs British Drug 
Houses that a different procedure is employed by them for their commercial preparation of 
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addition two drops of cod-liver oil daily, and 0-75 cc. of an alcoholic extract 
of marmite! was added daily to each animal’s ration. 

Results, All animals receiving 0-1 % of irradiated ergosterol in their diets 
lost weight rapidly and were dead after the lapse of 20 days and upwards. 
All animals receiving the smaller concentrations of irradiated ergosterol how- 
ever grew normally and appeared to thrive during the same period. Nor could 
any ill effect be observed during the test period in any of the controls receiving 
the various concentrations of non-irradiated or of heated ergosterol (see Fig. 1). 

The rats receiving the toxic concentration of 0-1 % of irradiated ergosterol 
were observed to lose their appetite early in the experiment, and this loss 
gradually increased. Diarrhoea set in generally at about the 5th day. Lesions on 
the hind paws superficially bearing some resemblance to pellagra, but of no 
marked severity, frequently attracted attention after a fortnight. The coats 
became greasy and very rough, and there was marked cachexia. The post mortem 
appearance was that of inanition, recalling therefore an effect of vitamin B 
deprivation. The pathological changes are still under examination and will 
form the subject of a later communication. 

In Fig. 2 are shown the results of an experiment in which the above 
observations were repeated, using diets in which the ergosterol, irradiated 
and non-irradiated, had been incorporated three months previously; the daily 
food consumption was also noted approximately. 

It is obvious, of course, that the ill-effects may quite conceivably have been 
caused by impurities in the irradiated ergosterol and not by the vitamin D 
itself, but since we have found that heated ergosterol has not the same dele- 
terious effect it is clear that impurities which are common to the processes of 
heating and irradiation cannot be held responsible. Similar tests are now in 
progress on specimens of activated ergosterol in which the D factor has been 
destroyed by over-exposure to irradiation?. Among other aspects of the problem, 
we are investigating at present the following: intestinal reaction; the Ca and 
P absorption and blood levels; electro-cardiographic records. 


Il. Excessive irradiated ergosterol with increased B (and C) vitamin 
allowance. 
Efforts have been directed to determine whether the harmful effects of 
excess of irradiated ergosterol could be “balanced” by an increase of the 
vitamin B-complex. In one experiment, where the marmite allowance was 


irradiated ergosterol (“‘radiostol’’). The possibility may be borne in mind of different methods of 
irradiation producing a different degree of toxicity in any by-products, apart from the clear 
evidence of true hypervitaminosis-D as revealed in excessive calcification, hypercalcaemia, 
hyperphosphaemia (Kreitmair and Moll, Hess and Lewis; see Discussion, p. 1475). 

1 The extract is that used at the Cambridge Biochemical Laboratory: marmite is shaken wiih 
successive quantities of 85 % alcohol, the alcohol is removed by evaporation from the extract 
thus obtained, and the resulting fluid is filtered and made up with distilled water to a total volume 
equal to the weight of the marmite originally taken. 

2 We have found that a lethal dose of irradiated ergosterol becomes non-toxic concurrently 
with the destruction of vitamin D by over-irradiation. 
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Fig. 2. Growth curves and food intakes. Diet contained 0-1 % ergosterol, 


incorporated 3 months previously. 
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Fig. 3. Comparison of “ D-hypervitaminosis,” in young albino rats, on normal and 
fourfold vitamin B allowance. 


(0-1 % irradiated ergosterol.) 
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increased to only four times the normal minimal level for good growth (viz. 
from 0-75 cc. of our extract to 3 cc.), a negative result was obtained. The rats 
(albinos in this instance) declined almost as rapidly and died about as soon as 
those whose marmite allowance remained at one-quarter the amount (Fig. 3). 
(An experimental difficulty is that rats on a normal diet will not thrive when 
given more than 3-4 cc. of our marmite extract, so that while the vitamin D 
has been increased 100,000 times above the minimal dose the vitamin B in the 
present case has not been increased by more than four times the minimum.) 

In the opposite direction we can at present refer to two animals only, 
which when given still more vitamin B (fourfold marmite, plus wheat germ 
extract and orange juice) remained steady or gained in weight (see Figs. 1 
and 2) while their mates, whose ration was not so balanced, deélined rapidly, 
as mentioned above. Appetite improved, the animdls remained apparently 
healthy, and their coats continued in good condition instead of being rough 
and greasy. Diarrhoea, however, was not averted. One animal on having 
the vitamin B allowance reduced to the normal level then began to lose 
weight and later died (see Fig. 1). 


III. The apparent ability of the rat to discriminate between normal doses 
and toxic overdoses. 


An attempt was made to produce severe “ hypervitaminosis ”’ in rats by the 
administration of a single massive dose of vitamin D. Two rats were offered 
5g. of synthetic diet containing 0-25 g. of irradiated ergosterol but they 
refused it, consuming only a negligible quantity, while a litter mate readily 
consumed 5 g. of the same diet differing only in containing 0-25 g. of ergosterol 
in the non-irradiated form. The former animals lost weight rapidly from 
starvation and the experiment had to be abandoned; the latter grew normally 
for 18 days following (A in Fig. 1) and showed no ill effects, when the observa- 
tions were concluded. 

In a confirmatory experiment two rats were taken off a mixed dietary and 
offered the choice between synthetic diets containing excessive (1) non- 
irradiated, and (2) irradiated ergosterol, and also (3) no ergosterol. (The third 
named was only added after the lapse of a day when little of the first two had 
yet been eaten.) The ergosterol (0-025 g.) was added in chloroform solution 
to 5 g. of diet and the chloroform evaporated, the diet with no ergosterol being 
treated with chloroform in the same way. Allowance was made for the small 
amount of water lost from the ration during the time it was offered. As the 
figures below show, the non-irradiated ergosterol was eaten in preference to 
the irradiated. The experiment was repeated a second time with similar results. 


Food eaten (g.) 
Rat No. 1 Rat No. 1. Rat No.2 Rat No. 2. 


Repeat Repeat 
Containing irradiated ergosterol 0 0 0-3 0 
Containing non-irradiated ergosterol 3-0 4-0 (all gone) 5-2 2-0 (all gone) 
Containing no ergosterol 4:3 None offered 1-0 None offered 
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As in Section I, we have no evidence whether the effect be due specifically 
to the high concentration of vitamin or to some distasteful impurity. Con- 
siderations of expense almost preclude any large-scale repetition of the present 
observation, but it may be concluded that it is important to consider the 
question of loss of appetite or distaste for food in interpreting the results in 
the other sections}. 


IV. Vitamin B deprivation accompanied by increased vitamin D allowance. 


These experiments were planned in order to determine if one could dis- 
cover any very simple relationship of “vitamin balance” in the sense that 
excess of one vitamin might be the more harmful in proportion to coexisting 
deficiency of the other, and vice versa. 

Procedure. A concentration of 0-001 % of irradiated ergosterol was em- 
ployed, i.e. one-hundredth of what may be called the lethal concentration (or 
one-hundredth of Kreitmair and Moll’s toxic dose of 10 mg., assuming the animal 
to consume, as it does, approximately 10 g. of food). As a preliminary diet for 
18 days, three rats received the complete ration containing 0-75 cc. of the 
marmite extract already described and 0-001 °% of ergosterol, non-irradiated, 
irradiated and heated in the three cases. During this period somewhat sub- 
normal growth occurred. Two rats in each of the three sets then received the 
diminished allowance of only 0-25 cc. of marmite extract, and one rat in each 
set no vitamin B. 

Result. Tn the three animals deprived of all vitamin B, cessation of growth, 
loss of weight and finally death took place at much the same rate or time, 
irrespective of the amount of vitamin D in the diet (see Fig. 4). Rats 
receiving the restricted (one-third adequate) amount of vitamin B represented 
by 0-25 cc. of marmite extract showed no striking difference in their growth 
curves with variation in their vitamin D allowance (see Fig. 1, centre). 

The rats receiving about 1000 times the adequate supply of vitamin D, it 
will be observed, succumbed no more rapidly to B-avitaminosis than is usual 
with rats receiving no increased vitamin D. Nor was one-hundredth of a toxic 
dose of irradiated ergosterol converted into a toxic dose when the vitamin B 
allowance was reduced to one-third. The experiment is of course not necessarily 
‘vitamin balance ”’, except in the special 


‘ 


conclusive against the existence of a 
sense indicated. 


IV. Excessive cod-liver oil and retarded growth. 

Two carefully matched sets (A and B) of young albino rats were used, 
each set being divided into four groups. Similar synthetic diets (20 °/ caseino- 
gen, 15 % fat, 40 % starch, 5 % salts) were fed to each set, but whereas set A 
had the 15 % fat supplied by a highly potent cod-liver oil, set B received the 


1 It may be added that these observations can be paralleled in another investigation, in the 
course of which one of us (L. J. H.) has found that an animal starved of one of the B vitamins is 
able to discriminate between diets containing a bare sufficiency and those devoid of it. 
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corresponding amount of inactive arachis oil together with a single drop of 
cod-liver oil per rat per day, to ensure a bare sufficiency of vitamins A and D. 
The groups in each set were then placed on graded allowances (1-6 %, 3-2 %, 
6-4 %, 12-8 %) of our standard marmite extract, in order that the effect of 
the two oils might be compared at various levels of vitamin B intake. 
Results. Invariably rats in set A (15% cod-liver oil) recorded lower 
growth rates than carefully matched litter mates in set B (15 % arachis oil) 
(see Fig. 5). In Fig. 7, for convenience in presentation, the curves for each 
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group have been compounded and averaged. Differences were most marked 
at the intermediate marmite concentrations (3-2 and 6-4 %) adequate for 
maintenance but inadequate for rapid growth. Only small differences were 
observed at the highest (12-8 %) and lowest (1-6 %) marmite levels, the latter 
being inadequate for prolonged maintenance. The animals receiving cod-liver 
oil, except for marked abnormalities discussed under the next heading, re- 
mained in fair condition, though they could readily be distinguished from 
animals of the other groups by the roughness of their coats, which became 
distinctly yellowish in colour. The area around the genitals and anus was also 


found invariably to be stained a deep yellowish colour. 
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To confirm the above results the experiment was repeated at those con- 
centrations of marmite (3-2 and 6-4 %) at which the greatest divergence had 
been observed. Exactly similar results were obtained (see Fig. 6). 


V. Failure of pregnancy on excessive cod-liver oil. 


In the preceding experiments sexes had remained together for several 
months, and as a result substantial support is afforded to the view that excess 
of cod-liver oil leads to failure of reproduction in rats. Since a detailed in- 
vestigation was not made it is impossible to state whether failure in conception 
or resorption was usually the cause of sterility. The litters obtained were as 
follows. 
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50 100 150 200 250 300 350 400 450 


Days 
Fig. 6. Excessive cod-liver oil. 
Continuous curves—Cod-liver oil diet. 
Dotted curves—Arachis oil diet. 

Set A. No litters were obtained in any group. One rat in the group re 
ceiving 12-8 % marmite became pregnant, but died during pregnancy. An 
autopsy revealed severe haemorrhage into the uterus. One developed foetus 
was found together with several small, apparently degenerated foetuses. 

Set B. Seven litters were obtained in all, four from two rats receiving 
12-8 % of marmite extract in their diet, three from four rats receiving 6-4 %. 
No litters were obtained from the groups receiving 3-2 % and 1-6 % of marmite 
extract. In no case were litters successfully reared, but they were often kept 


for periods up to 20 days. 
94—2 
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Weight in g. 






6-4 % 
Marmite 
(Repeat) 






3-2 % 
Marmite 
(Repeat) | 





200 





100 
Days 


Fig. 7. Excessive cod-liver oil. 
Average growth rates of groups. 
Continuous curves—Cod-liver oil diet. 


2 EE 
ERE Te ro 


Dotted curves—Arachis oil diet. 


VI. Excess of cod-liver oil concentrate with deprivation of B vitamins. 


Two groups (A and B) of three young piebald rats each were used. Each 
received a standard basal diet (B.D.H.) without addition of marmite. For 
each rat in group A five drops of the unsaponifiable matter of cod-liver oil? 
were added, which were carefully stirred into the diet. 


1 Obtained through the courtesy of Messrs Lever Bros. 
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Both groups, through deprivation of the vitamin B complex, soon began 
to lose weight (Fig. 8), but in group A (receiving concentrate) such loss was 
much more rapid than in group B. After a few days a marked difference in 
appearance between the two groups could be observed. The rats in group B, 
though gradually weakening, were no more rough coated than was consistent 
with a short period of vitamin B deprivation. The rats in group A, on the 
other hand, began to lose hair around the mouth and paws, and skin lesions 
and bleeding soon developed. The condition superficially resembled severe 
pellagra? or the “egg-white” condition reported by Boas [1927]. 

In preliminary experiments attempts to alleviate the condition by the 
administration of marmite met with failure. Further experiments in this 
connection are now in progress. j 


Weight in g. 





30 


20 40 60 80 
Days 
Fig. 8. Excess of cod-liver oil concentrate on vitamin B-free diet. 


Continuous curves—With concentrate. 
Dotted curves—Without concentrate. 
{ =Concentrate first administered. 


Discussion. 


““Hypervitaminosis.”” In support of the contention of Pfannenstiel and 
Kreitmair and Moll that vitamin D is injurious when consumed in large 
excess we have found that irradiated ergosterol, cod-liver oil and cod-liver oil 
concentrate are all more or less harmful in excess, the degree of toxicity in 
each case being roughly in line with the amount of vitamin D reputed to be 
present. Moreover, crystalline ergosterol, over-irradiated ergosterol and ergo- 
sterol resinised by heating have been found apparently harmless when 
consumed for the same periods at levels definitely lethal in the case of irra- 


1 Symptoms of vitamin B, deficiency are, of course, not observed in simple deprivation of 
the vitamin B complex, because the animal succumbs to the deficiency of vitamin B, before the 
effect of B, deficiency becomes apparent. 
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diated ergosterol—which suggests a close parallelism between the development 
of antirachitic and of toxic properties. 

As a possible criticism it might be argued that the injurious effects could 
in all cases be attributed not to the vitamin but to other substances accom- 
panying it which might have been either directly poisonous or else indirectly 
harmful by rendering the diets too distasteful to be eaten. To the question 
of direct poisoning no complete answer can be given, since, for the present, 
vitamin D cannot be administered free from impurities. To the question of 
indirect harm by starvation the answer may be given that the rats, although 
suffering considerable diminution in appetite on the introduction of the 
irradiated ergosterol or cod-liver oil concentrate into the diet, at least con- 
sumed sufficient amounts of the food to keep them alive for periods of about 
20 days. Moreover, the possibility cannot yet be excluded of excess of 
vitamin D serving to unbalance the vitamin B allowance, and thereby 
rendering insufficient what would be normally an adequacy. In this case the 
most noticeable effect of any such virtual deficiency of vitamin B would indeed 
be a loss of appetite such as is observed. Again, rats receiving excess of 
irradiated ergosterol developed various symptoms, including diarrhoea, which 
could not be attributed to simple starvation. 

Although we consider our results to have been consistent with the theory 
of hypervitaminosis it is not desired for the present to claim for them a too 
liberal interpretation. All that can be stated with certainty is that several 
materials commonly used as rich sources of vitamins (A and D, or D only) 
have been found to exert definitely harmful effects when administered to rats 
in amounts greatly in excess of the sufficient physiological level. Although a 
weight of evidence points to the toxic action of excess of vitamin D there is 
no necessity to assume that the ill effects observed were invariably attributable 
to that factor. Granted the toxicity of vitamin D excess, the question of 
vitamin A excess, for example, remains open. In cod-liver oil there are certainly 
many constituents of whose chemical nature and properties little is known. 
We allude to this because the simpler view is sometimes adopted that replace- 
ment of inert fats by cod-liver oil in a diet can be represented from the 
nutritional point of view simply as an increase in the A and D factors. 

To obtain further. evidence as to the degree of association of the toxic 
effects with vitamin D, per se, experiments are in progress to decide whether 
materials rich in the vitamin retain or lose such effects when the vitamin is 
destroyed, e.g. by prolonged over-irradiation. Further light is also being 
thrown upon this issue by investigations now proceeding on the effect of 
massive vitamin D intake upon calcium and phosphorus metabolism and on 
acid-base equilibrium in the gut. 


“Vitamin balance.” Since rats receiving only the normal allowance of marmite 
(B vitamins) suffered from no marked symptoms of vitamin B deficiency when 
irradiated ergosterol was given at a rate 1000 times the minimal physiological 
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dose, it must be obvious that any possibility of simple arithmetical equi- 
valence in balance between vitamin D and the B vitamins is out of the question. 
Pointing to the same conclusion we have the failure of this concentration of 
irradiated ergosterol to accelerate the decline which results from deprivation 
of the B vitamins (in which case the balance would be upset to the utmost 
degree). 

Evidence as to the existence of a less quantitative form of balance, e.g. the 
ability of a relatively slightly increased vitamin B intake to modify the harm- 
ful effect of large excess of irradiated ergosterol is-less clear-cut. Rats re- 
ceiving ‘toxic ” amounts of irradiated ergosterol (7.e. 100,000 x minimal effec- 
tive dose) in a limited number of cases seemed to derive but slight benefit 
from a fourfold increase in the marmite allowance, but by the further intro- 
duction of wheat-germ extract and orange juice into the diet some favourable 
results have been obtained. These observations of course need extending. 

In regard to the retardation of growth by unconcentrated cod-liver oil at 
various levels of marmite allowance, a study of the growth curves (Figs. 5, 6 
and 7) might be considered to afford evidence of a balance between vitamins 
A (and D) and B—since in the presence of cod-liver oil larger amounts of 
marmite were required to produce any given growth rate than in its absence. 
It is not however our desire to advance this view, since the apparent balance 
can be more simply explained as a superimposition of the ill effects of large 
excess of cod-liver oil upon those incidental to partial vitamin B deprivation. 
Similarly, the fact, already alluded to, that certain of the symptoms of “D 
hypervitaminosis” were superficially similar to those of vitamin B deficiency 
may be ne more than accidental. 

Summarising the evidénce we would suggest that, while the conception of 
a strictly quantitative balance cannot be tenable in any general sense, the 
possibility of large excess of one vitamin emphasising the effects of deficiency 
of another cannot as yet be ruled out. 


Practical applications. In view of possible alarmist fears prejudicial to the 
use of the preparations (irradiated ergosterol and cod-liver oil concentrate) 
placed at our disposal by manufacturing houses we wish in conclusion to make 
clear that the doses required to produce toxic effects were at levels altogether 
outside those that are in practice used commercially or that could be employed 
in clinical practice. 

In the first place, we have ourselves tested certain samples of margarine 
in which the vitamins A and D concentrate is employed and have satisfied 
ourselves both as to its vitamin value and the absence of any ill effects. 

As to the clinical aspect, roughly calculating our doses for a child of 28 
pounds weight on a basis of relative body weight, we find that 2 g. of irradiated 
ergosterol, 20 g. of cod-liver oil concentrate and 300 g. of cod-liver oil would 


1 See Harris [1928]. 
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have been administered daily. Toxic effects at such enormous dosages should 
not in any way discourage the rational use of the properly standardised 
materials! at the ascertainable correct physiological levels. 


SUMMARY. 


(1) Young rats lost weight rapidly and died when receiving synthetic 
diets containing 0-1 % of an irradiated (but not non-irradiated, over- 
irradiated or heated) ergosterol (7.e. about 100,000 times a minimal protective 
dose). There was loss of appetite, ill condition of coats, etc., diarrhoea, and 
inanition. 

(2) When the vitamin B (marmite) allowance was increased to only four 
times the normally adequate level no appreciable alleviation of these symptoms 
resulted. In the two cases where still further vitamin B (and C) (wheat-germ 
extract plus orange juice) was administered, loss of weight was prevented. 

(3) Results due to “toxicity” are contrasted with those due to mere loss 
of appetite. Reference is made to the apparent ability of the rat to discriminate 
in its choice of diets. In a quantitative study rats were found to refuse food 
overloaded with irradiated ergosterol (5 %). 

(4) Rats were found to have lower growth rates compared with litter 
mates, and to have rough coats, when cod-liver oil was substituted for 15 % 
of arachis oil (inactive) in a ration containing restricted allowances of vitamin 
B complex. 

(5) In confirmation of Hartwell and of Sure, we observed that normal 
gestation always failed in rats receiving a diet containing 15 % of cod-liver oil. 

(6) Rats receiving massive doses of vitamins A and D concentrate from 
cod-liver oil, in conjunction with a diet deficient in the vitamin B complex, 
developed loss of hair and severe skin lesions. 


The feeding and care of the experimental animals have been in the ex- 
perienced hands of Mr Alfred Ward. 


1 Different specimens of irradiated ergosterol, for example, probably vary considerably in 
vitamin D content. 

2 The report has recently appeared of Hess and Lewis [1928], who as a routine treated their 
rachitic patients with irradiated ergosterol at the admittedly high level of 2-5-5 mg. per diem, 
equivalent to about 35-70 teaspoonfuls of cod-liver oil. (This high dosage, however, has been 
widely advocated and appears to have some vogue.) Remarkable benefit resulted in every one 
of their large number of cases; there were, however, several instances of “eburnation” (hyper- 
calcification), three cases of abnormally high blood-phosphorus, and several of hypercalcaemia, 
two of the latter showing clinical disturbances which were rectified when the irradiated ergosterol 


was omitted. 








HYPERVITAMINOSIS 1477 


REFERENCES. 


Agduhr (1926). Acta Paediatrica, 5, 319. 

Bezssonoff (1923). Bull. Soc. Hyg. Aliment, 11, 14. 

Boas (1927). Biochem. J. 21, 712. 

Drummond, Channon and Coward (1925). Biochem. J. 19, 1047. 

Euler and Widell (1925). Z. physiol. Chem. 144, 132. 

Funk (1922). The vitamins (Baltimore, 217). 

Grant (1926). Dental Cosmos, 68 (2), 899. 

Harris (1928). Brit. Med. J. ii, 964. 

Hartwell (1927). Biochem. J. 21, 1076. 

Havard and Hoyle (1928). Biochem. J. 22, 713. 

Hess and Lewis (1928). J. Amer. Med. Assoc. 91, 783. 

Hdjer (1926). Acta Paediatrica, 6 (ii). 

Hopkins (1923). Brit. Med. J. ii, 693. 

Kreitmair and Moll (1928). Miinch. med. Woch 75, 637. 

Kroetz (1927). Klin. Woch. 6, 1171. 

Magliano (1925). Riv. Biol. 7, 619, 

Mouriquand and Michel (1922). Compt. Rend. Soc. Biol. 7, 1170. 

Pfannenstiel (1927). Klin. Woch. 6, 2310. 

Rosenheim and Webster (1927). Biochem. J. 21, 391. 

Sure (1927). J. Biol. Chem. 74, 45. 

Takahashi (1922). J. Chem. Soc. Japan, 48, 826. 

Takahashi and Kawakami (1923). J. Chem. Soc. Japan, 44, 580, 

Takahashi, Nakamiya, Kawakami and Kitasato (1925). Scientific 
Papers Inst. Phys. Chem. Res. (Tokyo), 3, 81. 








CLXXXIII. THE DIURNAL VARIATION OF THE 
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THE work described in Parts I, II and III [Butcher, Pentelow and Woodley, 
1927, 1928] has now been concluded and the present paper includes the follow- 
ing experiments over periods of 24 hours: 
R. Lark. Series XI. January 25-27, 1928. Table XXII. 
Series XII. February 16-17, 1928. Table XXIII. Fig. 19. 


Series XIII. March 1-2, 1928. Table XXIV. Fig. 20. 
Table XXV. Summary of R. Lark results. March 1927—March 
1928. 


R. Itchen. Series TX. January 17-18, 1928. Table XXVI._ Fig. 
Series X. February 21-22, 1928. Table XXVII. Fig. 
Series XI. March 20-21, 1928. Table XXVIII. Fig. 
Series XII. May 3-4, 1928. Table XXIX. 


bo b bo 
2S 


Variation in dissolved oxygen. 


River Lark. A few observations were made on January 25th-27th, 1928, 
when the effects of the pollution by the effluents from the beet-sugar factory 
were less marked than in November 1927, and it will be seen that the diurnal 
variation effect is still evident in this polluted water. 

The experiment of February 16th-17th was made when the effects of the 
winter pollution were disappearing, sewage fungus was still abundant, and 
the diatoms were first beginning to appear. The range of variation of oxygen 
content was smaller than at any other time of the year, viz. 66-77 °%, indicating 
the scarcity of actively assimilating plants, and this was confirmed by the 
absence of variation in py, value. The figures obtained in March 1928 indicate 
the commencement of that rapid increase of diatoms which occurs every 


spring. 
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River Itchen. The oxygen curves of January, February, March and May 
show an increasing range of variation with the increase in the hours of day- 
light and with the increase in the number of diatoms. 


Table XXII. River Lark. January 25th-27th, 1928. Series XI. 


Time 


10.45 a.m. 
4.30 p.m. 
9.30 a.m. 
2.45 p.m. 
3.45 p.m. 
4-45 p.m. 
8.45 p.m. 

12.40 a.m. 
1.40 a.m. 

10-5 a.m. 


Dissolved oxygen 


a nitrogen. 


Ammoniacal 


Pu 
value Date 
7-7 25. i. 1928 
7-6 25. i. 1928 
7:6 26. i. 1928 
7-6 . 26. i. 1928 
75-76 26. i. 1928 
7-5-7-6 26. i. 1928 
7-5-7-6 26. i. 1928 
7-5 27. i. 1928 
7:5-7-6 27. i. 1928 
7:5-7°6 27. i. 1928 


Temp. Parts per % satu- Parts per 

“i 100,000 = ration 100,000 

4:2 0-682 52 0-015 

4:9 0-690 54 0-01-0-015 

5-05 0-397 31 0-03 

6-0 0-463 37 0-015 

6-0 0-444 35 0-01-0-015 

5-9 0-428 34 0-01-0-015 

6-0 0-389 31 0-015 

4-7 0-355 27 0-02-0-025 

4-7 0-359 27 0-03 

4-5 "352 27 0-025 
Sunset January 25th, 4.36 p.m. 
Sunrise J 26th, 7.48 a.m. 
Sunset 7" 26th, 4.37 p.m. 


Table XXIII. River Lark. February 16th-17th, 1928. Series XII. 


” 


11 ” 
Midnight 
lam, 


SO WIAD rm CO bo 


_ 


Temp. 


10-0 
9-9 
10- 
10-1 
10-2 
10-4 
10-25 


4 
st 


oO 


PAARPPSPAIAIISOPSHGSOSSOSSO 
SHOOWROOKRDE EH AOWADS 


Dissolved 
oxygen 


100,000 ration 


Ammoniacal 

———_ nitrogen. 

Parts per %satu- Parts per Pu 
100,000 value 


0-09 7-8 
0-08 7:8 
0-08 7-8 
0-07 7-8 
0-06 7-8 
0-05-0-06 7:8 
0-05 7-8 
0-04-0-05 7-8 
0-04 7:8 
0-04 7:8 
0-04 7-8 
0-05 7:8 
0-05-0-06 7:8 
0-05-0-06 7-8 
0-08 7-8 
0-09 7:8 
0-1 7-8 
0-1 7:8 
0-1 7-8 
0-1 7-8 
0-1 7:8 
0-09 7:8 
0-08 7:8 
0-07 7:8 
0-06—0-07 7:8 


Remarks 


Dull. Cloudy. High wind 
River full. Turbid 
Floating broken sewage fungus 
Dull 

Dull. Drizzle 

Dull 

Brighter 

Dusk 

Almost dark 

Dark. Fine 

Stormy 


Fine 

Clear. Starry 
Clear 

Cloudy. Windy 
Clear. Windy 
Clear. Windy 
Heavy rainstorm 
Fine 

Dawn. Showery 
Daylight 

Bright sun 
Bright sun. Windy 
Bright sun 


Sunset February 16th, 5.15 p.m. 
17th, 7.13 a.m. 
17th, 5.17 p.m. 


0-766 67 
0-804 . 70 
0-815 71 
0-850 74 
0-863 75 
0-876 77 
0-873 76 
0-877 76 
0-877 76 
0-867 75 
0-857 74 
0-846 73 
0-835 71 
0-817 69 
0-793 66 
0-798 66-5 
0-804 66 
0-796 66 
0-804 66 
0-857 69 
0-856 69 
0-910 72 
0-923 73 
0-983 78 
Sunrise 
Sunset 


2”? 


” 
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Time 
10 a.m. 
i 
Midday 

1 p.m. 
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ROC MIA P wt 


—— 


Midnight 
1 a.m. 


DO 1D Cr > GW bO 


— 
oe 
» 
s 3 
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gq Temperal. ure 


Table XXIV. River Lark. March 1st-2nd, 1928. Series XIII. 


Temp. 


°C. 


IDBSSCOHHBUISKHHWSAGD 


PPPBBPBPPHOPGPPPHD HD BOO oOowm momo mw mara 


ISK SSIWIIGIIGIGI4 


RIVER LARK / \ 


Oxygen, fo 


MNMNONLACA 


valve. 


\ 
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age, saturation of dissolved. 
< nailrogen parts per 100000. 


Shimpe rature °C 


Feb. 16-17% 7928. 


Me 


Om 0 ee rte ee fee rt eet et ete te tte etme tet oe et eetemtoe te ataetaas 


Dissolved oxygen 
en, 
Parts per %satu- 

100,000 ration 

0-791 65 
0-866 72 
0-979 82-5 
1-031 87 
1-149 97 
1-189 100 
1-187 100 
1-161 99 
1-036 88 
0-978 84 
0-927 79 
0-876 75 
0-846 72 
0-777 66 
0-743 63 
0-714 61 
0-698 59 
0-653 55 
0-600 51 
0-632 54 
0-653 55 
0-659 55 
0-663 56 
0-688 59 
0-713 61 
0-812 69 
1-151 103 
Sunrise 
Sunset 


is 
o~<SlEe 


v 
Fo 4 





Ammoniacal 
nitrogen. 

Parts per Py 
100,000 value 
0-13 75 
0-11 17 
0-05-0-06 7-7-7-8 
0-05 78 
0-04 7-9 

0-04 7-9-8-0 
0-04 7-9-8-0 
0-03 7-9-8-0 
0-02-0-03 7-9 
0-02-0-03 78-79 
0-05 7-8-7-9 
0-05 7-7-7:8 
0-05-0-06 77-78 
0-10 77 
0-11 7°7 
0-11 7-6 
0-11 7-6 
0-13 75-76 
0-13 7-5-7-6 
0-13 7-5-7-6 
0-13 7-5-7-6 
0-16 7-5-7-6 
0-16 7-5-7-6 
0-13 7-5-7-6 
0-11 7-5-7-6 
0-11 7-6 


| 
| 


Sunset March Ist, 5.39 p.m. 


>» 2nd, 6.45 a.m, 
» 2nd, 5.41 p.m. 


Remarks 
Cloudy. Drizzle 


99 39 
= Fine 
” ”? 
99 ” 
”? 9°? 


” ” 


Dusk. Cloudy. Drizzle 
Dark. Cloudy. Fine 
Cloudy. Fine 


Mill stopped. Cloudy. 
Fine 
Cloudy. Fine 


9 ” 


” ” 





” cE 


5 Raining 


Dawn. Cloudy. Raining 
Cloudy. Raining 


Sun breaking 
Dull 
Fine 


” 





° 


Q Zemperature 


& Ammona 3 
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Oxygen, Yo age salural ton *—* of dessolved. 
Ammoniacal nlrogen paris per 100.900. 
PH valve. 

Temperature °C. 


RIVER LARK Mar. 1-27 1928. 


enn eame 
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Fig. 20. 


FACTORS AFFECTING THE DISSOLVED OXYGEN CONTENT OF RIVER WATERS. 


The main factors governing the dissolved oxygen content of a river water 


may be summarised as follows. 
1. The time of day in its connection with the processes of photosynthesis 


and respiration. 


2. The season of the year, with which varies: 
(a) the quantity and class of plants and animals present, 
(b) the length of the periods of light and darkness. 


ee 


The prevailing actinic conditions. 

The physical characters of the river. 
Temperature variations. 

The solution of oxygen from the atmosphere. 
The degree and nature of any pollution. 
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Table XXVI. River Itchen. January 17th-18th, 1928. Series IX. 
Dissolved oxygen Am- 


moniaca] 
Parts % nitrogen. 
Temp. per satura- Parts per Pu 

Time "<< 100,000 tion 100,000 value Remarks 

9 a.m. 5-4 1-051 82 0-005 77 Misty. River high and clear 
LO: 5 5:3 1-095 86 0-005 77 Misty 
ao 51 1-140 88 0-005 7-8 7 
Midday 5:3 1-174 90 0-005 7:8 Sunshine. Mist clearing 

1 p.m 6-0 1-184 94 0-005 7:8 i 

a 6-7 1-201 97 0-005 7:8 a, 

7-0 1-172 95 0-005 7:8 a 

ae wl 1-138 92 0-005 7 Sun setting 

Di 6-8 1-100 89 0-005 7-7 Dusk. Clear 

os 6-2 1-063 85 0-005 7-6 Dark. ,, 

Te 58 1-053 83 0-005 7-6 Ground mist 

S3 5-6 1-049 83 0-005 76 = 

wie 53 1-041 81 0-005 7-6 Ke 

I, 5-1 1-054 82 0-005 7-6 Clear 

. 49 1-046 81 0-005 7-6 . 
Midnight 4-7 1-065 82 0-005 7:6 2 

1 a.m. 4:5 1-058 81 0-005 7-6 a 

a a 4:3 1-061 81 0-005 76 is 

ae 4:3 1-054 80 0-005 7-5-7-6 Becoming cloudy 

4 4:3 1-071 82 0-005 7-5-7-6 Cloudy 

Diop 4:4 1-060 81 0-005 7-5-7-6 Very overcast 

GS 4:5 1-054 81 0-005 7-5-7-6 Drizzle 

— 4-9 1-054 82 0-005 7-5-7-6 Raining. Dawn 

BS 5-0 1-047 81 0-005 7-5-7-6 Dull. Fine. Daylight 
D <e 5-0 1-043 81 0-005 7-5-7-6 5s ie 

Sunrise January 17th, 7.59 a.m. 


m 
Sunset a 17th, 4.21 p.m. 
Sunrise “ 18th, 7.58 a.m 


Oxygen, fo saturation of dissolved. 
PH Vatue . oe 
Temperature °C 


RIVER ITCHEN Jan. 17-18 1928. 
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1. Diurnal variation. 

The oxygen content varies diurnally, reaching its maximum value just 
after midday and having a period of minimum value during the night. The 
photosynthetic production of oxygen during the day and its continuous 
absorption by respiration and by chemical oxidation of organic matter 
throughout day and night result in a maximum concentration of dissolved 
oxygen a few hours after midday and a minimum content during the night, 
when photosynthesis has ceased. 
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Time 
8 a.m. 


9 
10 
11 


Midday 
1 p.m. 
9 


MIDST wt 


11 


DS Cr Go bo 


@-] 


Ky 
o 
B 


ABSDOSOSOH PUSH HHOHROHOHOKMADaAw $5 


° 


Midnight 
1 a.m. 


LLLLAAAARPASIISPSCSSHH ISH 


aw a 


ae 


Parts 
per 


100,000 


1-006 
1-084 
1-137 
1-173 
1-222 
1-220 
1-220 
1-209 
1-182 
1-118 
1-067 
1-033 
0-990 
0-991 
0-981 
0-978 
0-988 
0-978 
0-990 
0-990 
1-003 
0-994 
1-011 
1-002 
1-024 


o 
3 
_— 
“Spe, ms oo 
oe 


~s. 


Spm 8 


Dissolved oxygen 


o/ 
/O 


satura- 
tion 


79 
85 
90 
94 
99 
102 
103 
103 
101 
95 
90 
85 
81 
80 
78 
78 
78 
77 
77 
77 
78 
77 
78 
77 
79 


Sunset 
Sunrise 


ee ey 


JO Mat. 
Feb: 2/% 


9 


9 


Am- 


moniacal 

nitrogen. 

Parts per 
100,000 


0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 
0-005 


Sunrise February 21st, 
wv 21st, 


” 


a Temperal. vre C. 
RIVER ITCHEN.  Feh 1928, /” 
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Fig. 22. 





Season of the year. 


(a) Quantity and class of plants present. 


on 


4 
® 


a3 
a41 


“a ~]I-] 
er 
10 
o Co 


YAP Peasy sss54 
DPDPAAAMAAwWOSOGSOSOOSO 


~ SETTLE TY 
oS 2 SS ee oe ae 
BEB DAAAAHAARH 


te bbb pg es 


ow bo 
_ 


ere 
s=s*5 


Table XXVII. River Itchen. February 21st-22nd, 1928. Series X. 


Remarks 
Sunshine. Ground mist 


” 
” 
” 
” 
” 
” 
” 


” 


se Sun low 
Dusk 
Dark. Clear 


Ground mist 
” 
” 


” 


Sky just lightening 
Daylight 
Sunshine 


oa, Joage salvralion of dissolved. 
vé. 


a nmemmomnemnen_ 
7 
4 
-* sf 


/ 


May the water becomes supersaturated to a far greater extent than at any 
other time of the year. This period exactly coincides with the period of greatest . 
growth and development of the diatoms (Part II), and there seems no doubt 
that it is these micro-organisms that are capable of production of oxygen so 


1. Diatoms. A study of the maxima clearly shows that from March to 
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Table XXVIII. River Itchen. March 20th-21st, 1928. Series XI. 


Dissolved oxygen Am- 
moniacal 
Parts % nitrogen. 
Temp. per satura- Parts per Pu 
Time <5, 100,000 tion 100,000 value Remarks 
8 a.m 7-9 1-040 87 0-005 7:8-7-9 Sunshine. Some clouds. Windy 
D's 8-0 1-160 97 0-01-0-015 7-8-7-9 ra fa 
a 8-5 1-231 104 0-005 7-9 . = 
a 5 9-4 1-237 107 0-005 7:9-8-0 Cloudy. Windy 
Midday 9-6 1-255 108 0-005 7-9-8-0 ca * 
l p.m 9-7 1-226 106 0-005 7-9-8-0 s a 
2. 45 9-5 1-201 104 0-005 7-9-8-0 ; a 
= 9-2 1-151 99 0-005 7-9-8-0 2 oi 
a 9-1 1-143 98 0-005 7-9-8-0 és _ 
oe 9-1 1-078 92 0-005 7-9-8-0 a es 
mS 9-0 1-050 90 0-005 7:9 * Less wind 
wigs 8-9 0-985 84 0-005 7-8-7-9 Raining slightly 
8 5 8-8 0-955 81 0-005 78 ea Dusk 
eo 3 8-5 0-925 78 0-005 7-8 Cloudy. Fine. Dark 
aD 55 8-3 0-931 78 0-005 7-7-7-°8 Raining slightly. Windy 
i, 8-2 0-936 78 0-005 7-17-78 Raining. Windy 
Midnight 8-1 0-914 76 0-005 7:7-7-8 _ ‘s 
1 a.m. 8-0 0-930 77-5 0-005 7:7 Fe a 
2s 7-9 0-925 ot 0-005 7-6 7 a 
D. -45 7-6 0-923 76 0-005 7-6 * 7 
mg 7:3 0-931 76 0-005 7-6 “ o 
= 7-2 0-938 77 0-005 7-6 = Sky just lightening 
G 3 7-1 0-923 75 0-005 7-6 re Daylight 
oe 7:0 0-931 76 0-005 7-6-7-7 - Less wind 
8 7-0 0-945 77 0-005 7:7 


” 


Sunset March 2¢th, 6.11 p.m. 
Sunrise ,, 2lst, 6.3 a.m. 
Sunset »  2lst, 6.13 p.m. 


Oxygen, p age saluralion of dissolved. 
itecdian ive. 
---- Temperature C ie 
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Fig. 23. 


as to supersaturate the water to a very high figure. It is not that they neces- 
sarily produce more oxygen than any other plants, but, because of their small 
size, the size of the oxygen bubbles or particles must also be so small as to 
remain in solution in the water if not subject to violent agitation. Bubbles of 
oxygen evolved from flowering plants collect in the stomata and intercellular 


Bioch, xxu 95 
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spaces, where they enlarge and can be seen rising into the air, especially when 
the stem of a water-plant is broken. 

The volume of diatoms produced in the Lark is considerably greater than 
in the Itchen and it is not the free floating organisms that are important but 
those growing on the river bed, for the latter are in numbers 10,000 times 
greater than the former. 


Table XXIX. River Itchen. May 3rd—4th, 1928. Series XII. 


Dissolved oxygen 








> oh 
Temp. Parts per % 

Time 5 100,000 saturation Remarks 

4 p.m. 14-1 1-119 107 ' Slightly overcast 
2 12-5 0-590 54 

4 a.m. 10-8 0-556 49 Dawn 

Dx 10-9 1-119 100 Bright and sunny 
| oo 13-4 1-293 122 sé 

2 p.m, 15-4 1-362 129 os 

: 15-9 1-261 125 a 


Sunset May 3rd, 7.25 p.m. 
Sunrise May 4th, 4.27 a.m. 


What applies to diatoms should apply with equal force to other micro- 
organisms, e.g. Protococcales and Schizophyceae, but the volume of these is 
very small in the rivers under observation, and therefore insufficient to make 
any marked change in the oxygenation of the water. The best illustration of 
the work of the diatoms is shown in the results of February 16th and March Ist. 
It was not until the diatoms were present in quantity in March that the dis- 
solved oxygen reached a high maximum. 

2. The flowering plants. After the diatoms have decreased in volume almost 
to disappearance there remain the larger plants to oxygenate the water. Their 
importance is best shown by a comparison of the ecology of the two streams. 
In the River Lark the plants die down in the autumn and it is not till June 
that they are present in appreciable quantity, after which their volume in- 
creases very rapidly. It will be seen that when the flowering plants are present 
in greatest quantities the diurnal maximum of oxygen saturation is only 
124 %, while in September after extensive weed-cutting had taken place the 
maximum oxygen figure is still lower at 70 %. 

On the Itchen the flowering plants are in much smaller volume and the 
decrease from summer to winter is also small, the effect of which is shown in 
the constancy of the maximum oxygen values throughout the year with the 
exception of the “diatom” period. 

The following summary of the results obtained on the River Lark indicates 
the influence of this seasonal variation in plant life upon the diurnal variation 
of dissolved oxygen in river water. 
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% saturation of 
dissolved oxygen 


er ty 
Date - Plant life Maximum Minimum 
March 1927 Diatoms abundant. Submerged plants just ap- 160 65 
pearing 
April 1927 Diatoms abundant. Green algae appearing. Sub- 180 60 
merged plants 1 foot in height 
May 1927 Diatoms decreasing. Green algae dominant. Large 180 40 
green plants growing vigorously 
June 1927 Few diatoms. Submerged plants at height of 110 40 
growth. (Some weed-cutting had taken place) 
August 1927 Submerged plants at height of growth. Some green 120 40 
algae 
September 1927 After heavy weed-cutting 70 30 
October 1927 Pollution by effluents from beet-sugar factory (50)- (30) 
November 1927 Pollution by effluents from beet-sugar factory (10) (2) 
February 1928 Plants few. Sewage fungus abundant. Diatoms 77 66 
just beginning to appear, after cessation of pollu- 
tion 
March 1928 Diatoms becoming abundant 103 51 


(6) The effect of the seasonal variation of the duration of the periods of light and 
dark. 


This effect is seen in the differences in the lengths of the periods of minimum 
of oxygenation during the nights. During the summer, when the nights are 
short, the period of minimum of oxygen is correspondingly short, while in 
winter, when the nights are long, the period of minimum is extended over 
several hours. 


3. Prevailing actinic conditions. 


The effect of the variations in prevailing actinic conditions upon the periods 
and values of maximum and minimum oxygenation is small compared with 
that of the seasonal variation in plant life, and has been fully discussed in 
Part III. 

4. Type of stream. 


The depth of the stream, its speed of flow, and the nature of the bed, whether 
muddy or stony, have a considerable bearing upon the extent of the diurnal 
variation of dissolved oxygen. In general, the normal equilibrium between the 
oxygen of the atmosphere and that in solution in the river water is displaced 
by the effects of photosynthesis and respiration, and this displacement is more 
marked in the slower moving and deeper Lark than in the more turbulent 
and shallow Itchen, with the result that the range of diurnal variation of 
dissolved oxygen in the Lark is much greater than in the Itchen. 


5. Temperature variations. 

A study of the oxygen figures for June to October on the River Itchen 
(Series III to VI) shows that, whereas the maximum oxygen content of the 
river water expressed in parts per 100,000 remains constant, some variation 
is shown in the values expressed as percentage saturation of dissolved oxygen; 


95—2 
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it will also be seen that the curve of the maximum values in percentage 
saturation follows the mean water temperature curve. This would indicate 
that the equilibrium between the oxygen of the atmosphere and that in solution 
is not maintained during a rise or fall in temperature; e.g. after a fallin tempera- 
ture, oxygen is not immediately taken up from the air to maintain the original 
degree of saturation. 


Example. River Itchen. November 10th-11th, 1927. 


Temp. Dissolved oxygen 
een eens seca 
°C Pts/100,000 % saturation 
10 p.m. 5:1 1-056 82 
Midnight 4-7 1-056 81 
6 a.m. 4-2 1-056 80 


The ease with which this equilibrium may be established by solution of 
oxygen from the air is dependent to a certain extent upon the original oxygen 
saturation of the water, since the rate of solution of a gas in a liquid varies 
directly as the degree of unsaturation of the liquid, and consequently the 
temperature lag discussed in the previous paragraph is more evident in the 
region of saturation than in very subsaturated solutions. In general, this 
temperature effect is hidden by the larger and more rapid changes due to 
photosynthesis, respiration and pollution. 


6. Oxygen absorption from the atmosphere. 


Throughout these experiments Fox’s tables [1907] have been used for the 
conversion of parts per 100,000 to percentage saturation of dissolved oxygen, 
but it is questionable as to whether these theoretical values may be strictly 
applied to river waters, in view of the temperature lag discussed above, and 
since their use assumes that the solubility of oxygen in these river waters is 
the same as in distilled water. 


7. The degree and nature of any pollution. 


A striking example of the overshadowing of nature’s processes of river 
water aeration by the effects of industrial pollution is afforded by a study of 
the oxygen curves on the River Lark for October, November and January, 
1927, when the river was practically deoxygenated throughout the day by the 
effluents from the beet-sugar factory 7 miles above the point of sampling. 


Py VALUE OF RIVER WATERS. 


Throughout the year the py curves were very similar in structure to those 
of saturation of oxygen, and showed the same effects of diurnal variation, 
seasonal variation of plant life and of the duration of night and day, indicating 
that the concentration of carbon dioxide is roughly inversely proportional to 
that of oxygen. 

Time of day. The py value of the river water varied diurnally, having a 
maximum value during the afternoon due to the removal of carbon dioxide 
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during the photosynthetic production of oxygen, and having a period of 
minimum during the night, when photosynthesis ceases and carbon dioxide 
is still being liberated by the respiration of plants and animals. 

Season of year. The values and periods of the diurnal variations in py 
value are affected considerably by the quantity and type of plant life present, 
depending upon the season of the year. The greatest range in py variation 
was obtained during the summer months when the large green plants were 
at the height of their growth, while on the River Lark in February 1928, when 
the plants were very few, no diurnal variation in py value was observed. 

The periods of the maxima and minima are dependent upon the duration 
of the periods of light and dark, according to the season of the year, in a manner 
corresponding to the oxygen curves. 


DIURNAL AND SEASONAL VARIATION IN AMMONIACAL NITROGEN. 


The diurnal variation of ammoniacal nitrogen has been discussed in 
Part III, with the general conclusion that the nitrogen content varies in a sense 
opposite to that of oxygen. 

On the Itchen no diurnal or seasonal variation was observed, while on the 
polluted River Lark considerable variations were observed throughout the 
year, although the data obtained were not sufficient to establish definite 
relationships between the nitrogen variation and the factors affecting it. 


In conclusion the authors wish again to thank Sir R. Robertson and the 
Ministry of Agriculture and Fisheries for permission to publish these results, 
and Mr Stokes of the Fisheries Laboratory, Lowestoft, who is responsible for 
the graphs in all four parts.- 
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CLXXXIV. ON OSCILLATIONS OF BLOOD-SUGAR 

VALUES WITHIN BRIEF PERIODS, AND THE 

BLOOD-SUGAR CURVE ON UNIFORM INGESTION 
OF GLUCOSE. 


By OTTO JUL NIELSEN. 
From Medical Clinic A, University of Copenhagen. 


(Received September 3rd, 1928.) 


In late years a number of investigations on the blood-sugar have demon- 
strated not only that the daily fasting blood-sugar has no constant value, but 
also that, if mstead of one single determination being made, the fasting 
blood-sugar is determined repeatedly through a certain period—with blood 
withdrawn at intervals of } to 4 hour—the blood-sugar curve obtained will 
show wide and long, more or less regular waves, which are supposed to be due 
to “sugar waves” issuing from the liver. Undoubtedly these waves are one 
of the reasons why the fasting blood-sugar value is found to change from day 
to day. 

In addition to these rather regular curve waves Hansen [1923] has reported 
other oscillations in the blood-sugar, which were found on determining the 
blood-sugar at very frequent intervals for some time. Hansen found these 
oscillations, as distinct from the regular curve waves, 

(1) in normal individuals during fasting; 

(2) in diabetics during fasting, apart from the well-known steady fall in 
blood-sugar which is usually associated with fasting in hyperglycaemia; 

(3) after ingestion of carbohydrate, as the rise in blood-sugar does not 
proceed in a smooth curve but in connection with oscillations of the main 
grade. These oscillations are particularly brisk and relatively large when the 
blood-sugar level is fairly settled, that is, at the top of a rise which forms a 
plateau before the fall sets in, or at an unchanged high level. 

Later similar results after ingestion of glucose have been reported by 
Klein [1925]. Gilbert, Schneider and Bock [1926] found similar results, but 
the blood was withdrawn only at intervals of 10-20 minutes. 

Hansen thinks that these oscillations “represent the manner in which the 
blood-sugar regulation takes place.” Various observations in other work of 
mine have necessitated a further investigation into the occurrence of these 
oscillations. In particular, it was important to ascertain whether they really 
occur as a fairly constant phenomenon, which would seem most likely if they 
were a part of the intermediate sugar metabolism, or whether their appearance 
to some extent might be due to external factors resulting more or less from 
the experimental conditions under which the patients were examined. To get 
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some light on this question the experimental conditions were standardised 
as far as practicable and the technique was made as sensitive as possible. 

In addition to the investigation on the oscillations of the blood-sugar 
values, this report also gives the result of experiments which were made in 
order to find out whether uniform blood-sugar curves might be obtained on 
different days after administration of the same amount of glucose. Bang [1914] 
has shown that in rabbits the administration of glucose causes a higher and 
more enduring rise of the blood-sugar in animals which have been starved for 
several days than it does in animals kept on ordinary diet. Later Traugott, 
Staub, Sakagushi [see v. Noorden and Isaac, 1927], Malmros [1928], Stenstrom 
[1928], Hagedorn [1921], Hansen [1923], Holst [1924], and others have shown 
that hyperglycaemia from the same doses of glucose or other carbohydrate does 
not always give the same curve, and that the course of the curve depends on 
the diet on the preceding days. The latter point is particularly emphasised 
by Stenstrom, who shows that the hyperglycaemia after glucose administration 
(the blood-sugar was determined only every $ hour) is higherand more persistent 
after a period of fat and vegetable diet than it is after a period of normal diet. 


TECHNIQUE. 


The blood-sugar is determined by the Hagedorn-Jensen method. In order 
to make the analytical errors as small as possible the determinations were 
made in a particular way, which does not, however, differ from the original 
method in any essential point. With this exact method, the bleeding time and 
the pipette constitute the chief source of error. All samples of blood are taken 
in about the same length of time and in such a way that the blood enters the 
pipette freely, and the pipette is filled a little above the mark within 10-12 
seconds and exactly adjusted within a few seconds more. The contents of the 
pipette are emptied carefully into the colloidal zinc solution in the usual way, 
after which the pipette is at once carefully cleaned. 

The width of the lumen of the pipette may also be of some importance in 
measuring the content exactly, and I have therefore tried both tubular and 
oval pipettes of varying length. The same pipette has been used in most of 
the determinations here reported, namely, a capillary pipette measuring 
22cm. from point to mark. Otherwise the method has been carried out 
exactly as indicated by the authors. In most instances the precipitation of 
protein is done in direct connection with the withdrawal of blood. The sodium 
thiosulphate titration is done with a 2 cc. burette divided into 1/100 cc., and 
all titrations are made in 50-60 seconds and every analysis is completed 
within a few hours. 

The patients had been lying perfectly quietly in bed for 10-15 minutes before 
the first sample of blood was taken (usually after 12—14 hours’ fasting), and 
throughout the entire period of blood-taking, so that the curves have been 
in no way influenced by muscular work [Hagedorn, 1921; Hromadko, 1928; 
Weiland [see v. Noorden and Isaac, 1927], Hatlehol, 1924]. 
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The experimental error of the method was determined on freshly drawn 
blood without anticoagulants and immediately after the withdrawal. A large 
number of tests, too voluminous to be reported here, showed a mean error of 
+ 0-002. 

For glucose administration 1 g. of pure anhydrous glucose per kg. of body- 
weight was used in 10 % aqueous solution. 

Urinary sugar was determined qualitatively by Fehling’s and Almén’s tests, 
and quantitatively in some experiments by fermentation and in others by 
the Benedict-Osterberg [1918, 1921] method for total sugar determination. 


EXPERIMENTS. 


The experiments fall into the following groups: 
(1) blood-sugar in fasting non-diabetic patients; 
(2) blood-sugar in fasting diabetics; 

(3) blood-sugar after ingestion of glucose in non-diabetic patients; 
(4) 

( 


4) blood-sugar during food absorption in diabetics; 
5) blood-sugar curves on different days in non-diabetics on uniform diet. 


(1) Blood-sugar in fasting non-diabetic patients. 


This group comprises five patients with perfectly normal carbohydrate 
metabolism. The first blood was taken after 13 hours’ fasting. 

Fig. 1 a is typical of the blood-sugar findings in these five patients. In 
every instance the curve was quite smooth, without any “oscillation,” as the 
variations in blood-sugar values do not exceed the limits of experimental 
error. 

(2) Blood-sugar in fasting diabetics. 

This group comprises 11 cases which fall into the following subdivisions: 

(a) six diabetics, not treated with insulin; 

(b) one diabetic with kidney lesion, not treated with insulin; 

(c) four insulin-treated diabetics. 

The first blood was taken after 13 hours’ fasting. 

(a) Diet-treated diabetics. Fig. 1 6 is typical of the blood-sugar findings 
in these six cases. In every instance it was found that, at perfect rest, the high 
fasting blood-sugar value decreases gradually and smoothly, without any 
“oscillations” in the curve during the 2 hours’ observation. 

(b) Non-insulin-treated diabetes combined with nephritis. There was prac- 
tically no fall in the increased blood-sugar during 70 minutes of observation 
(initial value 0-285 %, final value 0-281 %), and there was no “oscillation” in 
the curve. 

(c) Insulin-treated diabetics. Here are found two different forms of fasting 
blood-sugar curve: one, the most frequent (Fig. 1 c), in which the blood-sugar 
rises during fasting; and the other, more rare (Fig. 1 d), in which the blood- 
sugar falls during fasting. (The possible effect of a late insulin injection is 
excluded in this instance.) No “oscillation” was noticed in any of the cases 
examined. 
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In fasting diabetics, examination of the blood-sugar that has increased 
during the night [Hatlehol, 1924]—due to “physiological” conditions in 
diabetics during sleep—bears out the difference observed between insulin- 
treated diabetics and diabetics treated by dietary measures only, namely, 
that the blood-sugar in insulin-treated diabetics in most instances rises during 
1-2 hours’ observation, whereas the blood-sugar in diet-treated diabetics falls 


in the same period. 


Blood-sugar % 





—_ 0 10 20 30 40 50 60 70 80 90 100 110 120 


Mins. 


Fig. 1. 


a Blood-sugar in fasting non-diabetic. 
i diet-treated diabetic. 
insulin-treated diabetic. 


b ” ” 


c ” 9 


°° ” ” ” 


€ » after ingestion of glucose in non-diabetic. 


(3) Blood-sugar after ingestion of glucose in non-diabetic patients. 

This group covers five patients with perfectly normal carbohydrate meta- 
bolism. The experimental conditions are exactly as already described. Fig. 1 e 
is typical of the blood-sugar curve in these patients. The rise itself, the fall 
and the waves of the individual curves cannot be discussed in detail in this 
paper, but no “oscillation” has been detected. 


(4) Diabetics. Blood-sugar during food absorption in 24 hours. 

This group consists of two insulin-treated diabetics. One is examined at 
various times throughout the 24 hours; the other is examined only in con- 
nection with administration of insulin and intake of food. The blood-sugar 
findings in the first case are given in detail; the second patient shows a per- 
fectly analogous course of blood-sugar curve. I was not able to find any 
“oscillation” of the blood-sugar curve in either of these two diabetics by 
determining the blood-sugar at various intervals throughout the 24 hours; 
there were only the well-known rises and falls and waves in connection with 


the insulin and the food intake. 
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J., male, 27 years. Patient has been treated with insulin for 12-14 months and is now getting 
Patient was resting perfectly quietly in bed throughout the entire 
experimental period. The examination was made on 15. ix. 1927. 


20 + 15 units of insulin “Leo. 


20 units of insulin and 1 rusk 


Time _Blood-sugar 
hr. min. % 
Fasting 

7.38 0-239 

7.40 0-239 

7.43 0-241 

7.46 0-241 


+1 cup of tea. 


Pause till 10.00, during which 
the patient gets breakfast. 


Pause for 3 hours, during which 
gets dinner (at 


1 
1 
1 
1 
1 
1 
] 
1 
1 
1 
] 
] 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
] 
1 
l 
1 
l 


1 
1 


7.49 
7.52 
7.55 
7.59 
8.02 
8.06 
8.09 
8.12 
8.16 
8.20 


0.00 
0.03 
0.06 
0.10 
0.14 
0.18 
0.22 
0.26 
0.30 
0.34 
0.38 
0.42 
0.46 
0.50 
0.55 
1.00 
1.04 
1.08 
1.16 
1.17 
1.18 
1.19 
1.20 
1.24 
1.28 
1.30 
1.32 
1.36 
1.40 
1.44 
1.48 
1.52 
1.53 
1.56 
1.59 
2.00 


the patient 


13.00). 


Pm feet fae fee feed pt freed fd fed fe 


St St Sr St Ot Or Or Ot Gr Or 
Wrote RK OSS 
WORN OS ANW Ok © 


0-243 
0-245 
0-248 
0-240 
0-236 
0-228 
0-224 
0-220 
0-209 
0-201 


0-150 
0-148 
0-143 
0-139 
0-134 
0-129 
0-125 
0-121 
0-115 
0-113 
0-110 
0-108 
0-104 
0-094 
0-089 
0-086 
0-084 
0-082 
0-080 
0-078 
0-077 
0-077 
0-076 
0-073 
0-067 
0-064 
0-062 
0-058 
0-057 
0-053 
0-048 
0-044 
0-044 
0-042 
0-040 
0-041 


0-094 
0-096 
0-097 
0-099 
0-097 
0-099 
0-098 
0-099 
0-101 
0-102 


0. J. 


NIELSEN 


Time  Blood-sugar 
hr. min. % 
15.38 0-104 
15.42 0-107 
15.45 0-108 
15.48 0-109 
15.52 0-109 
15.56 0-111 
15.58 0-110 
16.00 0-112 
16.04 0-113 
16.08 0-116 
16.12 0-115 
16.16 0-115 
16.20 0-117 
16.24 0-118 
16.27 0-117 
16.30 0-118 
16.32 0-120 
16.34 0-121 
16.36 0-121 
16.40 0-122 


Pause for 33 
patient eats 
20.00 
20.02 
20.03 
20.04 
20.06 
20.08 
20.12 
20.16 
20.20 
20.24 
20.29 
20.32 
20.36 
20.38 
20.40 
20.44 
20.48 
20.52 
20.56 
20.58 
21.00 
21.04 
21.07 
21.08 
21.11 
21.14 
21.18 
21.20 
21.24 
21.27 
21.31 
21.36 
21.38 
21.40 
21.44 
21.48 
21.53 
21.57 
22.00 
22-02 


hours in which the 
supper (at 18.30). 
0-237 
0-237 
0-239 
0-239 
0-240 
0-241 
0-245 
0-249 
0-258 
0-262 
0-264 
0-260 
0-258 
0-257 
0-256 
0-252 
0-250 
0-247 
0-244 
0-242 
0-243 
0-244 
0-242 
0-244 
0-246 
0-252 
0-263 
0-266 
0-270 
0-273 
0-275 
0-277 
0-278 
0-276 
0-279 
0-281 
0-283 
0-285 
0-288 
0-289 


15 units of insulin “ Leo.” 


22.04 
22.10 
22.14 
22.18 


meee 


22.24 


0-291 
0-293 
0-289 
0-283 
0-278 
0-276 


Time Blood-sugar 


hr. min. 





The patient slept during the 


following hours. 





0 
oO 


0-273 
0-257 
0-238 
0-229 
0-227 
0-226 
0-221 
0-215 
0-209 
0-205 
0-203 
0-192 


Next morning 


5.00 
5.02 
5.04 
5.08 
5.09 
5.10 
5.11 
5.12 
5.16 
5.18 
5.20 
5.21 
§.22 
5.24 
5.28 


Ss sass sO SD 
— 
wo 


a5 
to 
oS 


0-098 
0-101 
0-103 
0-109 
0-111 
0-113 
0-115 
0-115 
0-119 
0-122 
0-126 
0-128 
0-131 
0-134 
0-140 
0-144 
0-148 
0-154 
0-168 
0-176 
0-184 
0-187 
0-187 
0-189 
0-191 
0-190 
0-196 
0-199 
0-203 
0-206 
0-212 
0-215 
0-219 
0-223 
0-222 
0-226 
0-231 
0-234 
0-233 
0-238 
0-241 
0-246 
0-248 
0-252 
0-254 
0-252 
0-256 
0-258 
0-256 
0-256 
0-258 
0-260 
0-261 
0-262 
0-262 





wvs 
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(5) Blood-sugar curves on various days in non-diabetics on uniform diet. 


This last group gives the results of some experiments made in consequence 
of an investigation into the factors which regulate the carbohydrate meta- 
bolism. The object of the experiments was to find out whether it were possible 
with definite experimental conditions and uniform ingestion of glucose to 
obtain uniform blood-sugar curves on different days—uniform with regard 
to the rise of the curve as well as to its fall. It would take too much space to 
report the preliminary experiments which consisted in the daily intake of a 
definite amount of glucose irrespective of dietary balance, etc.; but the ex- 
periments showed that it was impossible in that way to obtain even approxi- 
mately uniform curves. At once it was evident that the only possible way of 
obtaining uniform blood-sugar curves would be first to bring the organism 
into a stable equilibrium and then to proceed with the administration of glucose. 
I therefore tried whether I could obtain uniform curves in non-diabetic 
patients on ordinary mixed diet (without particular regard to its content of 
carbohydrates, proteins, fats, salts, etc.) by giving the same amount of glucose 
every fourth day; thinking that in the interval the individuals might return 
to the same equilibrium, but the following experiments proved this to be 
impossible. 

In every experiment of this group the patients got a 10 % watery solution 
of 1 g. of glucose per kg. of body-weight after fasting 12 hours, and they had 
been resting perfectly quietly in bed throughout the experiment. 

This group comprises altogether eight patients—with three to four uniform 
administrations of glucose in each case; but, as the findings are similar in all 
the cases, only two of them will be reported in detail. 

In comparing the curves for each individual patient we find that, although 
they are on the whole fairly uniform with regard to approximately the same 
numerical rise, the curves differ rather markedly in the time of rise and in the 
waves on different days. As to the elimination of sugar by way of the urine, 
however, we find about the same total amount of glucose eliminated on each 
experimental day (the total amount of glucose determined by Benedict- 
Osterberg’s method). 

From these experiments it was evident that the pre-requisite for obtaining 
perfectly uniform curves on different days is that the patient is first balanced 
at an absolute equilibrium with regard to diet and all other factors and is 
then kept on exactly the same food every day as long as the experiment 
lasts. I have not yet had an opportunity of carrying out such experiments, 
but Fig. 2 supports this view. Throughout the entire experimental period this 
patient daily received practically the same amounts of carbohydrate, fat, 
protein, liquid and salts (his carbohydrate metabolism was not quite normal). 
Fig. 2 illustrates the blood-sugar findings in this case. 

The three curves for this patient are very similar. 
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36 
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40 
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84 
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93 
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E. N., fem., 25 years. Neurasthenia. 


Ewald: 105 cc., 55/75. 


No objective 


signs apart from constipation 


Blood-sugar 


a 
eS ee ee —- 


os ROv OL 


0-078 
0-078 
0-078 


Ingestion of 60 g. 
0-078 
0-083 


0-096 
0-117 
0-120 
0-136 
0-147 
0-151 
0-154 
0-156 
0-155 
0-158 
0-158 
0-154 
0-155 
0-148 
0-146 
0-140 
0-138 
0-135 
0-128 
0-126 
0-128 
0-133 
0-138 
0-140 
0-142 
0-138 


0-135 
0-130 


0-131 


0-126 
0-124 
0-123 
0-121 
0-119 
0-117 
0-116 


0-114 
0-110 
0-107 
0-098 
0-095 
0-091 
0-089 


0-087 
0-086 


19. ii. 24. ii. 27. i. Si. i. 4. ii. 
0-080 0-080 0-086 0-085 0-081 
0-080 0-079 0-085 0-084 0-082 
0-081 0-079 0-086 0-084 0-082 
glucose in 600 cc. water Ingestion of 60 g. glucose in 600 cc. water 
0-082 0-082 — 0-086 0-084 
0-080 — 0-090 0-088 0-088 
= 0-097 — — — 
0-087 0-100 0-101 0-087 0-098 
0-092 0-111 0-111 0-089 0-107 
0-106 — — 0-094 0-114 
0-120 0-121 0-120 0-102 0-126 
0-131 0-135 — 0-115 0-130 
0-142 0-146 0-134 0-122 0-135 
0-149 0-157 0-137 0-133 0-139 
0-154 0-168 0-139 0-138 0-153 
0-154 0-175 0-143 0-144 0-159 
0-154 0-176 0-155 — 0-160 
0-156 0-180 0-159 0-158 0-162 
0-153 0-186 0-161 0-169 0-170 
0-151 0-164 0-170 0-172 0-169 
0-146 0-160 0-173 0-178 0-170 
0-144 0-159 a 0-180 0-172 
0-135 0-146 0-180 0-181 0-174 
0-129 0-141 0-187 0-179 0-179 
_— 0-139 0-190 0-181 0-180 
0-127 = 0-193 0-183 0-178 
— 0-132 0-192 — 
0-126 0-130 — 0-185 0-175 
0-126 0-123 0-193 0-187 0-174 
0-120 0-121 0-190 — 0-170 
0-117 — 0-187 0-184 0-171 
0-115 0-121 0-186 0-181 0-169 
0-113 0-118 0-176 0-176 0-165 
0-111 0-115 0-173 0-174 0-155 
0-113 0-113 0-171 0-170 0-151 
0-115 0-109 0-165 0-166 0-149 
0-117 0-111 0-160 0-162 0-147 
0-115 0-113 0-155 0-159 0-145 
0-110 0-109 — — _ 
— 0-102 0-148 0-154 0-143 
0-101 — 0-135 0-150 0-138 
_ 0-098 0-129 0-146 0-128 
0-101 0-096 ia aa — 
0-100 — — 0-144 0-124 
0-098 0-094 0-117 = — 
— 0-092 — 0-137 0-115 
0-094 — 0-110 0-135 0-103 
0-092 0-092 — 0-131 0-099 
0-094 0-090 0-102 0-118 0-098 
0-092 0-094 0-096 0-110 0-092 
_- —- 0-097 0-107 — 
0-092 — —_ — 0-084 
0-091 0-092 0-094 0-102 0-078 
0-092 0-085 0-094 0-098 0-072 
0-091 0-081 — 0-095 0-070 
0-089 0-080 0-091 0-091 0-066 
0-088 — — 0-087 0-063 
0-084 0-080 0-083 — 0-062 
“= — 0-078 0-082 —- 
0-080 0-078 0-077 0-078 0-059 
0-078 0-076 0-071 0-057 











N. L., male, 39 years. Cardialgia and 
Ewald: 100 cc. 30/60. 
B.P. 125/90. Sahli 95 % 


constipation. 


—— —— ./- sr 


Blood-sugar 
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Urine tests during these experiments. 


Dee 4. 19. ii. 24. ii. 27. i. 81. i. 4, ii. 
Time (min.) 50.120 50 120 50 120 50 120 50 120 50 120 
Diuresis (cc.)320 475 400 400 580 280 230 265 300 350 330 300 
Albumin — ame — oni — —s 
Glucose(mg,)213 60 194 63 230 30 195 65 208 72 205 70 
Total glucose 273 257 260 260 280 ; 
eliminated (mg.) 
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~I 
or 


190 


180 


170 


* 160 


150 


140 


130 


120 


Blood-sugar % 


110 





070 
+100 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 
Mins. 
Fig. 2. 
a 14. ii. 1927. b 18. ii. 1927. c 22. ii, 1927. 
SUMMARY. 


1. In a number of determinations of the blood-sugar in fasting individuals 
at complete rest—made at intervals of 1-5 minutes for a period of }-2 hours— 
I have failed to find the previously described oscillations of the blood-sugar 
curve, either in normal individuals, in whom I found an almost horizontal 
curve, in insulin- and diet-treated diabetics, in whom I generally found a 
rising curve, or in diabetics merely treated with diet, in whom I found a falling 
curve, and in a diet-treated diabetic with advanced kidney insufficiency, in 
whom I found an almost horizontal blood-sugar curve. 

2. In no instance did I find any “oscillations” in non-diabetics after 
ingestion of glucose or in diabetics at different times of the day after ingestion 
of food or administration of insulin. 

3. I did not succeed in obtaining uniform blood-sugar curves on different 
days after ingestion of the same amount of glucose, although the experiments 
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were carried on for some time during which the individuals had plenty of fairly 
uniform mixed food. On the other hand, the amount of glucose eliminated in 
the urine in 2 hours was found to be about the same each day. 

4. In a single instance I succeeded in obtaining uniform blood-sugar 
curves after ingestion of glucose on three different days. This was in a patient 
who on each day had about the same amounts of food, salts, liquid, etc. 
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CLXXXV. THE ULTRA-VIOLET ABSORPTION 
SPECTRA OF URIC ACID AND OF THE 
ULTRA-FILTRATE OF SERUM. 


By FRANK CAMPBELL SMITH. 
From the Physiological Department, London Hospital Medical College. 


(Received September 24th, 1928.) 


Srnce the ultra-violet absorption bands of uric acid are extremely sharp and 
well defined in as low a concentration as 1 mg. per 100 cc., it was considered 
necessary to measure accurately its absorption before that of the ultra-filtrate 
of serum. 

The absorption spectrum of uric acid dissolved in water has been investi- 
gated by Dhéré [1909], who found two distinct bands at wave-lengths of A 2920 
and A 2350. He was unable to measure the extinction coefficient, since at 
that time no suitable apparatus was available. He does not appear to have 
observed the change in the spectrum when the acid is dissolved in an alkaline 
solution. 

Reinhard [1927] measured the absorption spectrum of the acid in water, 
but failed to observe the second absorption band. The present writer has 
measured the absorption spectrum of uric acid dissolved in water and in an 
alkaline solution, and has noted a marked difference in its absorption in each 
case. 

METHOD. 

A Hilger quarter-plate spectrophotometer and rotating sector were used 
to measure the absorption. A condensed spark between tungsten steel 
electrodes was used as the source of radiation. 


EXPERIMENTAL. 

The concentration of uric acid employed was 0-0026 %; this was chosen 
as a convenient strength to ensure that the extinction coefficient lay within 
the limits provided for by the rotating sector. The uric acid was dissolved in 
(1) distilled water, (2) a phosphate buffer solution at a py of 7-4, (3) a 0-1 % 
solution of sodium carbonate, (4).a 0-1 % solution of lithium carbonate. These 
solvents were employed in the comparison tube of the rotating sector. 

The curves thus obtained are shown in Fig. 1. Their wave-lengths and 
extinction coefficients at the head and foot of the curve are given in Table I. 


Table I. 
Wave-length (A) Extinction coefficient 
Head Foot Head Foot 
Banda In water and at py 7-4 2920 2600 1-46 0-28 
In carbonate 2950 2630 1-54 0-35 
Band B In water and at py 7-4 2350 2210 1-2 0-66 


In carbonate —_ — _ a 
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When dissolved in distilled water or in the buffer solution, the acid shows 
two distinct bands; when, however, it is dissolved in carbonate the second 
band disappears. At the same time, band a moves towards the red, and the 
value of the extinction coefficient at the head and foot of the curve is slightly 
increased (v. Table I). The disappearance of the band is of interest in two 
connections, namely, (1) the possible variation in the structural formula of 
uric acid when dissolved in water and in carbonate; (2) the absorption spectrum 
of serum ultra-filtrate; this will be discussed below. 

With regard to the first point, the difference in the absorption spectrum 
probably indicates a tautomeric change of the molecule. 


























Extinction coefficient 









































3200 31 30 29 28 27 26 25 24 23 22 21 
Wave-length, A 


Fig. 1. 
Interrupted line—uric acid dissolved in carbonate. 
Continuous line—uric acid dissolved in water or phosphate buffer. 


Serum ultra-filtrates. 


To the best of the writer’s knowledge, the ultra-violet absorption spectra 
of serum ultra-filtrates have not been investigated. The method of filtration 
has been described by him elsewhere [1928]. Three essential conditions must 
be observed, namely, (1) the filtration must be rapid, as it is difficult to keep 
serum filtrate sterile; the ultra-filtration of 10 cc. undiluted serum should not 
take more than 2 to 3 hours; (2) as large an area of membrane as possible 
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should be used; (3) the serum should be kept moving on the surface of the 
membrane. The pressure used need not be greater than 60 mm. Hg. 
From 10 cc. of serum, 4-5 cc. of protein-free filtrate should be obtainable. 
The filtrate was not used unless the sulphosalicylic acid test was negative. 
The results obtained in 14 cases (13 normal and 1 pathological) are tabu- 
lated below. 
Table IT. 


Concentration 
of uric acid 


estimated 
from ex- 
Extinction tinction 
Wave-length (A) coefficient coefficient 
—— OOOO ao (mg. per : 
Case Head Foot Head Foot 100 ce.) Remarks 
no. 
1 a 2920 2700 2-2 1-32 3-9 
B 2350 _— 3-4 — — 
2 a 2920 2650 30 0-9 5:3 Fasting 14 hours 
B 2300 -— 3-0 — — 
3 a 2920 2650 23 1-08 4-1 2-3 hours after breakfast 
B 2300 — 3-0 — — 
+ 2920 2600 15 0-68 2-5 
5 2920 2620 2-4 0-92 4-3 
6 2910 2610 1-56 0-76 2-5 
7 2900 2700 2-4 1-32 4:3 2 hours after lunch. Well 
marked lipaemia 
8 2910 2620 2-24 1-16 4-0 
9 2900 2620 1-54 0-92 2-7 ; 
10 2900 2680 1-06 0-64 1-9 Fasting 13 hours 
11 2920 2690 1-3 1-08 2-3 4 hours after large protein 
meal 
12 2920 2770 1-08 0-96 1-9 4 hours after breakfast 
13 2920 2600 2-4 0-8 4:3 
14 2950 2750 «+ «1:24 15 2-2 Advanced syphilis and car- 


cinoma of liver 


As an example of the results obtained, the curves of cases 3 and 14 are 
plotted in Fig. 2. 

It is reasonable to suppose that the selective absorption shown is due to 
uric acid. As will be seen from the table, the time elapsing between the taking 
of a meal and the withdrawal of blood appears to have no effect. 

If the concentration be estimated from the extinction coefficient at the 
head of the band a (see Fig. 2), the average result agrees very fairly with the 
figures obtained by chemical analysis of normal blood. At this wave-length it 
may be assumed that little interference is caused by substances other than 
uric acid. As the wave-length becomes shorter, the absorption due to other 
substances becomes greater. As a result, the second band is of varying ampli- 
tude; for example, in cases 1, 2 and 3, of Table II it is definite, whereas in 
other cases, although always visible, it appears only as an inflexion at an 
approximate wave-length of A 2350. 

The absorption spectrum of uric acid present in the ultra-filtrate of blood- 
serum is similar to that of uric acid dissolved in water or in the buffer solution, 
and not to that of the acid dissolved in carbonate. 


Bioch. xx , 96 
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Work is now in progress to ascertain whether pathological conditions have 
any marked effect on the normal curve. No. 14 in Table II was obtained from 
a case presenting advanced syphilis and carcinoma of the liver. Band a is 
seen as an inflexion and band £ has disappeared (Fig. 2). This shows a wide 
deviation from the normal, which is evidently due to some abnormal sub- 
stances present in the blood. The method of spectrophotometry. may prove 
of value in the detection of such substances; further work in this connection 
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is in progress. 
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3200 33 32 31 30 29 28 27 26 25 24 23 22 21 20 
Wave-length, A 
Fig. 2. 
1. Normal curve. 
2. Curve from pathological filtrate. 


SUMMARY. 


1. The ultra-violet absorption spectra of uric acid and of the ultra-filtrate 
of normal serum have been measured. 

2. Uric acid, when dissolved in water, shows two sharp bands: when dis- 
solved in carbonate, only one is visible. This possibly indicates a tautomeric 
change in the molecule. 

3. It is reasonable to assume that the selective absorption shown by serum 
ultra-filtrates is due to uric acid. 

4. The values given for the concentration of uric acid, as estimated by the 
amount of absorption, are in very fair agreement with those obtained by 
chemical methods. 
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5. A filtrate obtained from a pathological case has been investigated; it 
shows marked general absorption, thus differing widely from the filtrates of 
normal sera. 


The writer wishes to express his indebtedness to Prof. H. E. Roaf, Dr J. R. 
Marrack and Dr L. F. Hewitt for their advice and assistance; further, to the 
Yarrow Research Fund of the London Hospital for defraying the expenses of 
this research. 
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CLXXXVI. ALCOHOLIC FERMENTATION BY 
ASPERGILLUS FLAVUS, BREFELD. 


By JOHN LEWIS YUILL. 
(Received September 5th, 1928.) 


A. flavus and A. oryzae present a number of at least superficial resemblances, 
and occur in nature under similar conditions. Thom and Church [1926] state 
that though the typical A. flavus may be distinguished from the typical 
A. oryzae with great contrast, yet, in a whole series of the naturally occurring 
organisms, the separateness of these two groups breaks down. 

The latter mould has been shown by Yabuta [1912, 1916, 1924] to produce 
kojic acid from carbohydrates. The accidental discovery that a yellow- 
green Aspergillus belonging to the A. oryzae group produced crystals of calcium 
kojate when grown on cane-sugar solution in presence of chalk, led me to try 
if A. flavus also gave this compound. 

I found no kojic acid produced by a typical strain of A. flavus, but the 
experiment led to the unlooked-for result of considerable alcohol production 
by this mould. Under the same conditions A. oryzae produced no alcohol. 

A perusal of the literature fails to reveal any undoubted capacity among 
the Aspergilli of fermenting sugar to alcohol, when allowed to grow on a liquid 
with exposure to air, such as obtains in an ordinary flask culture. Small 
quantities are formed when the mycelium of certain strains is deliberately 
submerged in the sugary liquid, or when the air supply is otherwise deliber- 
ately withheld. 

Pasteur [1876] experimented on the alcoholic capacities of Penicillium and 
Aspergillus glaucus (he later had some doubts as to the identity of this “A. 
glaucus’’), and reached the conclusion that these moulds when deprived of 
free oxygen, as by submerging the germinating spores or the mycelium, would 
decompose sugar after the manner of yeast; but in full growth, with plenty 
of air, Aspergillus would not yield alcohol. 

Wehmer [1910] gives a good account of the question of alcohol production 
by Aspergillus, and concludes that the possibility of some strains producing 
alcohol in more than mere traces cannot be altogether brushed aside, but the 
matter needs further investigation. 

Waksman [1922] gives a bibliographic review up to 1922 of the enzymes 
of micro-organisms. The conclusion that the anaerobic respiration of A. niger, 
when the mycelium is submerged, takes the nature of alcoholic fermentation, 
is supported by Kostytschew’s experiment in which a three day-old mycelium, 
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submerged by glass beads and deprived of further air, produced alcohol and 
carbon dioxide in practically the usual yeast ratio. Zymase is not specifically 
attributed to other Aspergilli in this review. 

Thom and Church [1926], in a summary of the enzymic and fermentative 
activities of the Aspergilli, recall that, in the case of the saké fermentation, 
the earliest workers attributed the alcohol production to A. oryzae, but that 
yeasts were subsequently proved to produce the alcohol. 

Oppenheimer [1926] finds that Aspergillus can be induced to give anaerobic 
alcoholic fermentation, with certain precautions, but that aerobically abso- 
lutely no alcoholic fermentation results. He upholds Wehmer in questioning 
Elfing’s statement of the production of 4:2 % alcohol by “P. glaucum.” 
Oppenheimer states too that anaerobically the mould fungi are extremely 
sensitive to acids, and that one way of overcoming this is by keeping the 
solution neutral with chalk. 

A. flavus does not appear to have received special consideration in this 
connection. 

The very definite production of ethyl alcohol by A. flavus in the experiments 
about to be described, under conditions which would ordinarily be termed 
aerobic, is not necessarily at variance with the findings in the literature cited 
above. The conditions were exactly the same as those which suffice for such 
typically aerobic changes as the oxidation of glucose to gluconic acid and 
citric acid. by A. niger. Indeed A. flavus itself produces some citric acid in 
these conditions. Whatever differences there are in the access of the mycelial 
cells of the two fungi to the air are intrinsic to the respective habits of growth 
of the two species. As noticed below, the mycelial felt of A. flavus, under these 
conditions, is rather remarkable for its apparent thickness and open texture; 
and since its upper surface remains practically only just above water throughout 
its growth, a certain degree of anaerobiosis must be enjoyed by the cells of 
its lower layers. Thus, if it is right to connect the alcohol production with this 
feature of the mould’s growth, we have merely another instance of the essentially 
anaerobic nature of the alcoholic fermentation. 


EXPERIMENTAL. 


The culture used throughout was the type culture of A. flavus from the 
National Collection of Type Cultures at the Lister Institute. 

The medium selected was based on Currie’s formula quoted below: a 
medium originally devised for optimum citric acid yields with A. nzger 
[Currie, 1917]. 


Sucrose 125-150 g. 

NH,NO, 2-0-2:5 g. | 

KH,PO, 0:75-1-0 g. -per 1000 ce. 
MgSO, .7H,0 0-20-0-25 g. | 

HCl to py 3-4-3-5 (5-4 ec. N/5) 
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Small conical flasks, filled to a depth of about half an inch with the above 
medium, were used, and a little chalk, autoclaved separately, was added to 
each. This procedure is necessary to avoid undesirable changes in the medium. 
Fernbach [1916] states that otherwise partial and even complete precipitation 
of phosphates may occur at the temperature of sterilisation. 

After inoculation from mature subcultures of A. flavus, the flasks were 
incubated at 28° for 10-12 days. 

The cultures early acquired a rather heavy, somewhat fruity alcoholic 
smell, and bubbles of gas were disengaged from the chalk. The growth of the 
mycelium was rapid and in most cases it remained free from spores. The 
mycelium, though not dense, was unusually thick, reaching 3 mm. in 10 days. 
Ordinary pressure from the fingers expressed a large volume of liquor from the 
mould; microscopical examination of a cross-section showed an open network 
of hyphae. This mode of growth is doubtless important in relation to alcohol 
production. 

The liquor from the cultures, augmented with the liquor expressed from 
the moulds, was filtered and distilled. The distillate gave the iodoform and 
dichromate reactions. After redistillation, saturation with potassium car- 
bonate, and separation, a considerable fraction distilled between 78° and 79° 
and gave the tests for ethyl alcohol. 

The fermented liquor also contained a considerable quantity of calcium 
salts in solution. Part of this is accounted for by calcium citrate. This was 
precipitated on boiling, and the presence of the acid confirmed by Denigés’s 
test. Liquors from cultures which spored contained more citrate than those 
which did not spore. The latter, however, invariably contained in solution 
much calcium in the form of compounds precipitable by strong alcohol. 
Further work on the calcium salts in solution is in progress. 

A series of cultures was also studied to obtain some idea of the rate of 
production of alcohol by A. flavus and of the quantity of alcohol produced. 
The solution from the cultures was distilled and the distillate tested for 
alcohol by the colorimetric method of Bertrand and Thomas [1920]; the total 
reducing substances and residual cane-sugar were estimated by the decoloration 
method, before and after hydrolysis with HCl. All the cane-sugar appeared 
to be inverted by the eighth day. 

The data are summarised in the following table. 

Differences with regard to sporulation appear to account for the major 
irregularities in the results, whilst in any such series of cultures, where ideas 
of continuous changes can only be got from examination of different individuals, 
some irregularities are to be expected. 
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Table I. 
Wt. of Wt. of Sugar Alcohol _ g. ale. g. ale. Condition 
Age wet dry con- pro- per per 100g. asregards 
in mould mould sumed duced 100 ce. sugar sporu- 
Culture days (g.) (g.) (g.) (g.) liquor consumed lation 
1 22 8-0 0-20 1-55 0-11 0-21 7-1 No spores 
2 3} 9-2 0-35 2-35 0-18 0-32 7-6 ss 
3 43 9-6 0-38 3°35 0-62 1-19 18-5 os 
+ 5} 10-7 0-41 3-75 0-90 1-71 24-0 a 
5 64 10-7 0-72 5-31 1-00 1-96 18-8 ws 
6 64 — 1-20 5-95 0-62 1-26 10-4 Sporing 
7 7} 12-5 0-50 5-25 1-25 2-43 23-8 No spores 
8 8h 9-9 1-50 6-73 0-38 0-81 5-6 Sporing 
9 94 14-0 1-00 6°85 1-00 2-02 14-6 No spores 
10 92 12-9 1:00 - -- 1-17 — — 9 
ll 104 10-3 1-80 6-85 0-25 0-53 36. Sporing 
12 12} 15-7 0-87 7-49 1-30 2-82 17-3 No spores 
13 134 14-3 0-77 7:33 1-30 2-76 17-7 *s 
14 224 _- 0-97 7-80 0-50 1-11 6-40 ‘a 
15 224 12-3 2-19 7:85 0-002 0-004 0-03 Sporing 
16 234 10-0 1-60 7-85 0-00 0-00 0-00 99 
SuMMARY. 


A. flavus was not found to produce kojic acid under conditions in which 
A. oryzae is known to give it. 

In presence of chalk, A. flavus, without any precautions to exclude air 
from the cultures, produces considerable quantities of ethyl alcohol. 

In a series of cultures the alcohol amounted to 2-3 % in the fermented 
liquor, and represented 15-25 %, by weight, of the sugar consumed. 

Under the same conditions, A. oryzae was not found to produce any alcohol. 

During the fermentation with A. flavus considerable quantities of chalk 
are dissolved, some calcium citrate is formed and some soluble calcium salts 
precipitable by alcohol. 

When the mould forms spores, the yield of alcohol is much reduced and 


the quantity of citrate increased. 
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CLXXXVII. A NOTE ON THE LACTIC ACID AND 
GLYCOGEN CONTENT OF KIDNEY CORTEX. 


By JAMES TUTIN IRVING (Beit Memorial Research Fellow). 
From the Biochemical Laboratory, Oxford. 


(Received October Ist, 1928.) 


Durinc the course of work already described [1928] some interesting observa- 
tions were made on the metabolism of the rabbit’s kidney which appeared to 
justify further investigation. The present experiments have been undertaken 
with the object of comparing the initial values of the glycogen and lactic acid 
content of the cortex with those obtained after the tissue had been incubated. 
The methods employed and the results obtained are described below. 


EXPERIMENTAL. 


Glycogen1. The method of estimation used was a micro-modification of that 
of Pfliiger. 2 g. of kidney tissue were heated in a small centrifuge tube at 100° 
with 2 cc. of 60 % potassium hydroxide for 2 hours. At the end of that time, 
the tube was cooled and 6-2 cc. of absolute alcohol and a pinch of NaCl were 
added; the precipitate, usually fairly bulky, was centrifuged down, and the 
supernatant fluid decanted and discarded. The precipitate was then usually 
teased up in a small amount of 70 % alcohol with a thin glass rod, the end of 
which was ultimately broken off into the suspension to avoid any loss. The 
precipitate was again centrifuged down, and the supernatant fluid poured 
away. 6cc. of a 2:2 % hydrochloric acid solution were now added and the 
tube was heated in a boiling water-bath for 4 hours. The contents were then 
neutralised and filtered, and the filtrate was made up to 20 cc.; sugar estima- 
tions were carried out on 2 or 5 cc. by the method of Hagedorn and Jensen. 

The following table shows the degree of accuracy of this method on pure 
glycogen and on glycogen added to kidney tissue. 


Table I. Estimation of pure glycogen. 


mg. mg. 
Amount taken 0-95 1-77 
Amount recovered . 0-91 1-71 


Recovery of added glycogen from kidney cortex, 


mg. mg. mg. 

Glycogen content of 2 g. cortex 1-36 0-90 1-26 
Glycogen content of cortex plus 

added glycogen 2-33 1-70 1-93 

Glycogen added 0-95 0-82 0-75 

Glycogen recovered 0-97 0-80 0-67 


1 The writer is indebted to Prof. C. Lovatt Evans, F.R.S., and to Dr W. K. Slater for much 
useful information on the properties and estimation of glycogen. 
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The use of one tube for the whole estimation avoided what had been found 
a frequent source of error, namely, adhesion of the precipitated glycogen to 
the walls of the flasks previously employed. The figures given below all express 


glycogen in terms of glucose. 
Lactic acid. The lactic acid was extracted and estimated by a similar 


routine to that previously described [1928]. A weighed amount of cortex 
(usually about 2 g.) was ground with sand in a mortar containing 5-7 cc. of 
6 % trichloroacetic acid as protein precipitant. The resulting suspension was 
made up to 10 or 15 ce. and centrifuged; lactic acid was extracted from 5 cc. 
of the supernatant fluid with ether and the estimation was carried out by the 
method of Friedmann, Cotonio and Shaffer [1927]. 


140 


Lactie Acid 






120 


100 


80 


60 


Mg. per 100 g. 


40 


20 


Hours 
Fig. 1. The production of lactic acid and free phosphate in incubated kidney cortex. 


The initial values were obtained as follows. The rabbit was killed by a blow 
on the back of the skull, and the left kidney, as being the most accessible, was 
dissected out as rapidly as possible and dropped into freezing mixture at — 15°. 
The time taken by this operation varied from 22 to 36 seconds. After the 
kidney had frozen solid, one-half of the cortex was removed and placed in a 
cooled weighed beaker containing 5-7 cc. of frozen trichloroacetic acid, and 
the rest of the cortex was dropped into a cooled weighed centrifuge tube con- 
taining 1-5 cc. of frozen 60% potassium hydroxide. In both samples the 
cortex was mixed as thoroughly as possible with the frozen acid and potash. 
After the vessels had been again weighed, that containing the sample for 
glycogen estimation was plunged into boiling water and, after the tissue had 
disintegrated, more potassium hydroxide if necessary was added. The lactic 
acid sample, still frozen solid, was transferred from the beaker to a cooled 
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mortar and rapidly ground with sand. When the hash had completely melted 
it was transferred to a small cylinder and made up to the requisite volume, 
the procedure being then as described above. 

The final values were obtained from the remaining kidney. This was re- 
moved from the animal immediately after the left kidney had been placed in 
the freezing mixture. Slices of the cortex were put in a small stoppered 
weighing bottle and incubated at 37-5° for 2 hours. The procedure was then 
as described above. 

In order to show that the above technique was justified, final values were 
determined on the right and left kidneys of the same animal. The results in 
Table II show that for this purpose the two kidneys appear to be identical. 


Table II. Comparison of the final values of lactic acid and glycogen of the 
right and left kidneys. 


Right Left 
Glycogen (mg. per 100 g.) 37 34 
Lactic acid (mg. per 100 g.) 142 146 


RESULTS. 


The production of lactic acid. During the work previously described [1928], 
it was frequently noted that the production of lactic acid was a matter of some 
rapidity and it was soon found that the size of the initial value depended 
entirely on the speed with which the kidney was removed from the body. In 
this respect this organ closely resembles muscle; Exp. 7 in Table III and Fig. 1, 
the latter the result of an experiment undertaken with Dr H. D. Kay, clearly 
illustrate this fact. The initial values obtained are shown in Table III but it 
is very improbable that these represent the true resting lactic acid content: 
this value must in the normal kidney be but a mere trace [cf. Davenport and 
Davenport, 1927]. 

The final values obtained after incubation were usually fairly constant, 
varying between 130 and 160 mg. per 100 g., provided that comparable 
techniques as regards the handling of the animals were used. Thus Exp. 5 is 
of interest as showing the effect of ether anaesthesia and the resulting mus- 
cular activity on, presumably, the blood-lactic acid. 

Glycogen. A perusal of the literature has shown that little is known 
concerning the glycogen content of the kidney. Its occurrence in this organ 
was first noted by Claude Bernard, and a few writers [e.g. Erlich, 1883; Pa- 
schutin, 1884] also identified it by histological methods. More recently Brown 
and Greene [1918] reported its presence but gave no figures. Fichera [1904], 
however, found none in normal tissue, and small amounts only after phloridzin 
or experimental glycosuria. Junkersdorf and his co-workers [1924, 1925] are, 
to the writer’s knowledge, the only authors who quote quantitative results, 
but they worked solely with phloridzinised dogs. The values they reported 
varied between 39 and 180 mg. per 100 g. 








LACTIC ACID AND GLYCOGEN OF KIDNEY CORTEX 1511 


The values obtained by the present writer are given in Table III. It will 
be seen that the initial figures show a lack of constancy and that, with one 
exception, the differences between the initial and final values are small, or 
else no difference exists. Since it is not unlikely that these small differences 
are due to flaws in the technique, it may be doubted whether the values 
obtained represent glycogen at all. The glycogen content of other tissues (e.g. 
muscle [Simpson and Macleod, 1927]) falls very rapidly under similar con- 
ditions; the behaviour of kidney-glycogen, however, appears to resemble more 
closely that of brain [Holmes and Holmes, 1926]. 


Table III. Lactic acid and glycogen content of kidney cortex before and 
after incubation at 37-5° for 2 hours. 


Lactic acid Glycogen Lactic acid Glycogen 
(mg. per 100 g.) (mg. per 100 g.) increase decrease 
Exp. c——_ i, ———— (meg. per (mg. per 
no. Initial Final Tnitial Final 100 g.) 100 g.) 
1 68-5 161 103 57 92-5 46 
2 60 129 102 8+ 69 18 
3 82 170 40 44 88 0 
4 45 132 50 40 87 10 
5 145* 233 33 38 88 0 
6 52 142 68 51 90 17 
7 133+ 144 — — 11 _— 


* Animal anaesthetised with ether. Kidney frozen in situ with ethyl chloride. 
+ Experiment to illustrate the effect of slowness in removing kidney. 


Of greater interest is the evidence derived from a comparison of these 
figures with those obtained for lactic acid. The discrepancy which exists be- 
tween the lactic acid produced and the glycogen changes observed suggests 
that (with the exception of Exp. 1) very little if any lactic acid comes from 
this source: the remaining acid presumably being derived from some non- 
glycogen precursor. 

In seeking for other precursors of lactic acid, the first which suggested 
itself was free sugar. The easiest way to test this was to make use of a fact 
already described [Irving, 1927] that kidney tissue after freezing and subse- 
quent thawing has completely lost its power of degrading glucose. Experi- 
ments were therefore carried out as follows: the left kidney was removed as 
quickly as possible and frozen, while the right kidney was removed at the 
same time but not cooled. The left kidney, when frozen solid, was cut in half; 
the cortex from one half was treated as usual for the initial value, while that 
from the other half was incubated for 2 hours. The cortex from the right 
kidney was simultaneously incubated as a control. The results which are shown 
in Table IV indicate that a small part of the lactic acid formed may have its 
origin in glucose, but the major part comes from some other precursor. 


Table IV. Lactic acid content (mg. per 100 g.) of normal and previously frozen 
kidney cortex before and after incubation at 37-5° for 2 hours. 


Final 
rr an 
Exp. no. Initial Frozen cortex Normal cortex 
51 115 145 


1 
2 49 108 — 
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The most probable of these might be supposed to be a lactacidogen-like 
substance; but, as stated by Kay [1928], experiment has shown that such an 
origin is extremely improbable, the rate of breakdown of the naturally 
occurring phosphoric esters appearing to be entirely independent of that of 
the production of lactic acid. This is shown in Fig. 1. It is of course possible 
that the large and unrelated changes seen in the free phosphate content of 
incubated kidney tissue may obscure possible changes in free phosphate 
connected with lactic acid production, but at present no decisive answer is 
available. 

In conclusion, it is interesting to speculate on the significance of the rapid 
production of lactic acid which occurs on removal of the kidney from the 
body. The similar changes which occur in muscle under these conditions are 
the deranged chemical transformations which are normally associated with 
contraction. To what process in the normal kidney this chemical change is 
related is as yet completely unknown; but there can be no doubt that the 
rapid production of lactic acid in the excised kidney must represent the first 
onset of autolysis and may be but a caricature of any process in the normal 
organ. It is of interest to note, without in any way implying a teleological 
argument, that McCance [1924] has found that the optimum reaction for 
certain autolytic changes is in the neighbourhood of py 6-0. 

The production of lactic acid from preformed compounds in the kidney, on 
analogy with the changes in muscle, is probably an intermittent phenomenon ; 
it is therefore likely that this transformation is associated with some definite 
specialised function, while the utilisation of glucose, a regular linear process, 
is related more to the continued metabolism and existence of the cells them- 


selves. 


SUMMARY. 


The production of lactic acid in excised kidney cortex is, like that in muscle, 
a reaction of some rapidity. Since under these conditions the glycogen content 
changes but little, it is deduced that the major part of the lactic acid must be 
formed from some other source. It is likely that glucose may be one of the 
precursors, but the origin of the bulk of the acid is unidentified. 

It is probable that the glycogen figures obtained are contributed, to a 
large extent, by non-glycogen substances. 


The writer is indebted to Prof. R. A. Peters for his continued advice and 
interest in this work. 

The expenses of this research were defrayed by a grant from the Govern- 
ment Grant Committee of the Royal Society. 
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WHEN a beam of light from a quartz mercury vapour lamp, completely en- 
closed so that the only light emitted has to pass through a filter cutting out 
nearly the whole of the visible portion of the spectrum, is allowed to fall on 
to any object in a darkened room, a more or less characteristic fluorescence is 
usually observed. Metals, such as gold, silver, iron, etc., are quite non- 
fluorescent and take on the appearance of black velvet when observed in 
this light, but many other substances emit quite a bright coloured light. 
Several references are to be found in the literature suggesting the application 
of this phenomenon in various branches of analysis (e.g. Gerngross and Schulz 
[1927]; Popp [1927]; Volmar [1927]), and perhaps the most striking observa- 
tion is that butter can be distinguished from margarine by the quite dissimilar 
fluorescence. Butter shows a fairly bright yellow colour, but margarine in 
this light is definitely blue. 


I. APPARATUS FOR THE MEASUREMENT OF FLUORESCENCE, 


Work on the use of fluorescence in analysis has been hindered by the 
difficulty of describing, without the help of a demonstration, the phenomena 
that have been observed. This difficulty can be overcome by giving some sort 
of measurement to the fluorescence, and in the present work we have used an 
adaptation of the colorimeter described by Guild [1927] and manufactured 
by Adam Hilger & Co., Ltd. This instrument is used for the standardisation of 
colours in terms of the three additive primaries: red, green and blue. For 
that purpose the coloured sample is illuminated by a standard lamp, and the 
light from it is viewed in an eyepiece and matched by the light from the 
primaries, which fills a rectangle with one side adjacent to the rectangle of 
light from the coloured sample. The direct reading obtained gives a measure 
of the colour in units (up to 100 each) of red, green and blue, but this reading 
is dependent on the sensitivity of the observer’s eye to the different primaries, 
and fairly wide variations are obtained between the readings of different 
individuals. These can be eliminated by referring all the readings to the 
particular observer’s reading on a standard white disc supplied with the 
instrument. The final expression obtained gives (i) the “shade,” which is the 
measure of the total light reflected from the sample when the total light 








FLUORESCENCE OF FATS 1515 


reflected from the standard white dise illuminated similarly = 100, and (ii) the 
“quality,” which is the analysis of the total light reflected into percentages 
of red, green and blue, assuming that the analysis of standard white is 33-3 °%, 
red, 33-3 % green and 33-3 % blue. 

The colorimeter was housed in a dark room, and in making fluorescence 
readings the sample of fat was illuminated by filtered ultra-violet light instead 
of by white light from the standard lamp. The fluorescence was viewed in 
the eyepiece and matched by the additive primaries exactly as are the colours 
illuminated by white light, and expressions of “shade” and “quality” were 
obtained by referring the readings to the same observer’s readings on 
“standard white” illuminated by the ordinary light. The “shade” figure is a 
measure of the brightness of the fluorescence, in purely arbitrary: units. The 
“quality” figure has exactly the same significance as in ordinary colour 
readings. 








Fig. 1. a, eyepiece; bbb, knobs controlling colour filter apertures; c, stand carrying skip with fat 
sample; d, mirror reflecting sample; e, watch-shaped quartz flask filled with water; f, filter 
cutting out most of visible light from mercury vapour lamp; g, mercury vapour lamp, 





Fig. 2. Detail of stand and skip for fat sample. 


Throughout the work recorded in this paper, all the readings were carried 
out by two observers, and unless good agreement was obtained in the analysis, 
the result was rejected. 

In our adaptation of the colorimeter to the measurement of fluorescence, 
the apparatus was arranged as shown in the diagram, Fig. 1. 

It is important that the sample whose fluorescence is to be examined should 
be illuminated by filtered ultra-violet light at fairly close range, otherwise the 
fluorescence as seen in the eyepiece is only feeble, and cannot be matched with 
accuracy. The housing of our ultra-violet lamp (the Hanovia analytical quartz 
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lamp) did not make this easy, but the difficulty was overcome by reflecting 
the fluorescent light into the eyepiece by means of an ordinary mirror. The 
sample of fat was pressed into a small metal skip 1”’ x 32’, and smoothed to 
give a plane surface. The skip was fixed into a slot on the end of a wooden 
stand which could always be placed in exactly the same position on top of the 
case of the colorimeter, in a line parallel with the axis of the eyepiece, and in 
the same vertical plane. The arrangement of the skip and the stand is seen in 
detail in the diagram, Fig. 2. The mirror also was held in a thick wooden stand 
(to protect it from the heat of the lamp), and a watch-shaped quartz flask 
(8 mm. thick), filled with water, was interposed between the lamp and the 
fat sample, so that the latter should not become unduly heated by the radia- 
tion from the lamp. The whole apparatus could be dismantled and reassembled 
exactly as in the original positions. 

This arrangement is admittedly susceptible of considerable improvement, 
but it has enabled us to make several measurements of interest, and to express 


our results in an understandable form. The standard lamp and the light source 


to the primaries are fitted with variable resistances, and in our colour readings 
we have used 112 volts and 120 volts respectively across the two lamps. In 
the fluorescence readings we did not at first control the voltage across the 
mercury vapour lamp, but later it appeared to be necessary because of 
fluctuations in the current supply, and the voltage across the lamp and fixed 
resistance attached was set at 112. 


II. THE FLUORESCENCE OF THE UNSAPONIFIABLE MATTER FROM 
COD-LIVER OIL. 


Peacock [1926] reported that cod-liver oil exhibits a brilliant “golden” 
fluorescence in filtered ultra-violet light, and that exposure to white light of 
sufficient intensity results in the gradual disappearance of the fluorescence. 
From the observations that the fluorescence persists some time after the oil 
has ceased to give the arsenic trichloride test for vitamin A, and that, after 
the fluorescence has been entirely destroyed, if the oil is stored for several 
months in the dark, partial recovery of fluorescence takes place, he concluded 
that the destruction of vitamin A and the destruction of fluorescence are not 
identical phenomena. We have carried out many further experiments, not 
reported in the present paper, and we find that though there is a very close 
association between vitamin A and a characteristic fluorescence, certain dis- 
crepancies, such as those observed by Peacock, do occur. We have not 
yet observed any fat containing vitamin A that does not also show the 
flucrescence associated with it, and it seems that an explanation of the dis- 
crepancies may be that, while vitamin A is actually a brightly fluorescent 
substance, in certain circumstances other substances may be formed in oils, 
giving a fluorescence somewhat similar to that due to the vitamin. There does 
not appear to be any connection between fluorescence and vitamin D. 
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When a little unsaponifiable matter from cod-liver oil is added to a solid 
fat, the brightness of the fluorescence is increased, and the colour of the 
fluorescence is made less bluish. In Table I and Figs. 3 and 4, the effect of the 
addition of unsaponifiable matter from cod-liver oil upon the fluorescence of 
two fats is shown. The two fats used were hardened coconut oil and jus. 
For margarine manufacture, jus (pure rendered beef fat) is separated into 
two fractions of different melting point range. The lower melting fraction 
is “oleo,” the higher is “oleo stearine.” Jus normally gives only a dull 
fluorescence. It is seen how with successive additions of unsaponifiable 
matter the brightness is increased and the percentage of blue in the analysis 


80 Hardened Coconut 
70 
60 
50 
40 
30 


Fluorescence “ shade ”’ 








0 oe 6 .° 
Antimony trichloride blue figure 
Fig. 3. 


Blue component in 
fluorescence analysis 





QO 2 + 6 8 10 
Antimony trichloride blue figure 
Fig. 4. 


of the emitted light is diminished. As would be expected, the brightness 
reaches a limit after a certain amount of unsaponifiable matter has been 
added, and then begins to fall off slowly. If the fat were perfectly transparent 
to the exciting rays and the emitted light, it would be observed, when regarded 
from the side, that with successive additions of unsaponifiable matter the 
brightness would increase for a while through the whole depth of fat. Then a 
distinct zone of fluorescence would appear and the fat below this would not 
fluoresce, because the whole of the fluorescence-exciting rays had been absorbed 
in the depth of the zone. With further additions the zone would become more 
and more shallow until confined to a layer at the surface. Regarded from the 
surface, the limit of brightness would be reached as soon as the fluorescent 
97 
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zone appeared, and after a while further additions of unsaponifiable matter 
would slightly depress the fluorescence, because of the opacity of the added 
material to the emitted light. The unsaponifiable matter from cod-liver oil is 
dark in colour, and, as will be seen later, the addition of a pigment depresses 
the brightness of the fluorescence of a fat. 

With an imperfectly transparent fat, the fluorescence-exciting rays are 
absorbed, not only by the fluorescent substance, but by the fat, and the fat 
also absorbs part of the emitted light. The limit of brightness will be reached 
when a fairly large increase in the amount of unsaponifiable matter present 
will make so small a difference to the depth of the fluorescent zone that the 
opacity of the fat ceases to be an important factor. 


Table I. Effect of the addition of unsaponifiable matter upon the 
fluorescence of a fat. 


Antimony 
trichloride Quality 
“blue” oo 
figure* Shade Red Green Blue 
BN ccc sie ney sa aes = 29 14 33 53 
Jus +unsap. matter from c.-Lo. ... 0-66 52 19 39 42 
Ditto bie ec Raa — 1-33 55 20 39 41 
Ditto sup in ee a 1-90 57 20 40 40 
Ditto a oe eis Set 3-33 60 21 41 38 
Ditto 7 oa ie wi 10-0 58 22 40 38 
Hardened coconut oil soe 5 — 50 5 14 81 
Hardened coconut oil +unsap. 
matter from c.-l.o. nm _ 0-33 72 11 25 64 
Ditto — ae is ae 1-67 80 15 32 53 
Ditto a pain Kio — 3°33 77 17 38 45 
Ditto Sie be — ar 6-66 71 19 39 42 
Ditto ia a ic hes 9-0 60 20 42 38 


* The “antimony trichloride blue figures” are determined in a Lovibond tintometer according 
to the method described by Carr and Price [1926]. 0-2 cc. of a wt./vol. solution of the oil or fat 
in chloroform is run into an 8 mm. test-tube, and 2 cc. of a saturated solution of antimony tri- 
chloride in chloroform are added. The blue colour obtained is matched by the Lovibond glasses, and 
the result calculated to a 20 % solution of oil. The blue figure of 0-3 may be taken as that of good 
butter-fat (determined from readings on the unsaponifiable matter), and the average for a large 
number of cod-liver oils purchased in various parts of England this year was 6-5. 


It is seen clearly from Figs. 3 and 4 (plotted from Table I) how sensitive 
the fluorescence of jus is to small additions of the unsaponifiable matter from 
cod-liver oil. Jus is an animal fat and it is probable that it contains a small 
amount of vitamin A. Though the fluorescence of the sample of jus used was 
quite considerable, it is possible that it was due entirely to the small amount 
of vitamin A present, for it seems probable that, if all the vitamin A were 
withdrawn, the fluorescence would sink nearly to zero. A sample of jus that 
had become rancid gave the fluorescence: 

shade = 6, 

quality = 8 (R), 17 (G@), 75 (B). 
When examined in the melted state, it appeared to be practically non- 
fluorescent. 

The actual composition of the emitted light from jus is changed very 
considerably by the addition of unsaponifiable matter up to 0-66 Lovibond 
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blue units (calc.), but it is seen that very little change takes place on further 
addition, until the effect of the colouring matter of the unsaponifiable matter 
becomes apparent. 

Hardened coconut oil has a bright blue fluorescence, and this exerts a 
strong effect on the fluorescence of the added unsaponifiable matter. Though 
the fluorescence of hardened coconut oil is very bright, if examined in the 
liquid condition, it is seen to extend through a deep zone, and thus a sufficient 
excess of unsaponifiable matter from cod-liver oil is able to cut out most of 
the blue fluorescence, and the quality becomes similar to that of jus with 
unsaponifiable matter. 


III. THE FLUORESCENCE OF BUTTER, AND THE EFFECT OF THE ADDITION 
OF UNSAPONIFIABLE MATTER FROM COD-LIVER OIL ON THE FLUORESCENCE 
OF MARGARINE. 
The fluorescence of butter is yellow, varymg somewhat with different 
samples. It is due almost entirely to the fat, and the separation of the aqueous 
phase does not make a great difference, as shown in Table IT. 


Table II. Fluorescence readings on butters, butter-fats and margarines. 
Quality 


Shade Red Green Blue 


Trish butter ... is 32 27 44 29 
Danish butter I eas 34 24 4] 35 
Danish butter IT ce 30 22 37 41 
Irish butter-fat ste 31 31 46 23 
New Zealand butter-fat 31 27 48 25 
Danish butter-fat I... 30 25 42 33 
Danish butter-fat IT ... 29 22 44 34 
MargarineI ... ee 24 10 24 66 
Margarine II ... = 35 9 22 69 


Table II also shows the fluorescence of two samples of margarine. Both of 
these gave blue fluorescences quite different from the fluorescence of butter, 
but one was considerably brighter than the other. The brighter sample con- 
tained vegetable fats only, but the fat of the duller sample contained 35 % 
oleo. 

For comparison with Table II it may be of interest to give the colour 
readings on some of the same samples, i.e. when the samples are illuminated 
by white light from a standard source instead of by ultra-violet light 
(Table ITI). 


Table III. Colour readings on butters, butter-fats and margarines. 


Quality 
——S 
Shade Red Green Blue 
Trish butter... Sie 70 45 37 18 
Danish butter I ois 65 43 37 20 
New Zealand butter-fat 45 51 40 9 
Danish butter-fat I... 58 47 40 13 
MargarineI ... sae 67 45 38 17 
Margarine II ... nee 67 45 37 18 
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An outstanding difference between butter and margarine is that butter 
contains considerable amounts of vitamins A and D. This deficiency of 
margarine may be made good by the addition of a sufficient amount of the 
unsaponifiable matter from cod-liver oil (the amount is calculated to give an 
antimony trichloride blue figure for the margarine of 0-27), and the addition 
produces a considerable change in the fluorescence. The margarines so treated 
can always be readily distinguished by means of filtered ultra-violet light 
from similar margarines without the vitamin fraction (Table IV). 


Table IV. Effect of the addition of unsaponifiable matter from cod- 


liver oil upon the fluorescence of margarine. 


Quality 
cH 
Shade Red Green Blue 

MargarineI ... pike ae Sas ies ie 24 10 24 66 
Margarine I v (i.e. margarine I with the addition of 

cod-liver oil unsap. to antimony trichloride blue 

figure of 0-27) 28 16 32 52 
Margarine II ... cee ca cin fia cu 35 9 22 69 
Margarine II v (i.e. margarine II with cod-liver oil 

unsap. as above) mb nee yee bie 41 13 26 61 
Danish butter I rr ee ea se ae 34 24 41 35 


It is seen that the change effected by the addition of unsaponifiable matter 
is towards butter fluorescence. The fluorescence of margarine I with the un- 
saponifiable matter is definitely yellowish, but as is readily seen in the analysis, 
it does not equal the yellowness of butter fluorescence. As more and more 
unsaponifiable matter is added, the fluorescence becomes brighter and more 
nearly yellow, but about five times the amount necessary to bring margarine 
to the same vitamin A content as butter must be added before the fluorescence 
approximates in quality to that of butter. It appears probable that this is 
due in part to the masking effect of the blue fluorescence of the vegetable 
fats; for the margarine I v (with 35 % oleo in the fat) approaches butter in 
its fluorescence much more closely than does the margarine IT v (containing 
only vegetable fats). This, however, does not furnish a complete explanation, 
for a margarine made entirely with animal fat, and with the normal amount 
of cod-liver oil unsaponifiable matter added, is still not a match in fluorescence 
for butter. 

Two differences between butter and ordinary margarine have so far been 
considered—the comparative richness of butter in vitamins, and the presence 
in margarine of certain vegetable fats—and both have been shown to be con- 
cerned in accounting for the difference observed between the fluorescences of 
butter and margarine. The only other factor that would seem likely to be of 
importance is a possible difference between the colouring matters present. The 
mixture of colouring matters usually added to margarine is non-fluorescent, 
and when an excess of it is added, it is seen that the fluorescence is very much 
depressed in brightness. Butter frequently contains added colouring matter 
but a large proportion of its colour, at least in spring and summer, is derived 
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from the pigments in the cow’s food, and it might be expected that these 
pigments would be fluorescent. Moreover, anatto, the colouring matter 
commonly added to butter, is fluorescent. Margarine normally contains only 
a small proportion of natural colouring matter, derived from the beef-fat and 
the vegetable oils. Red palm oil is slightly fluorescent and very strongly 
coloured, and its pigment is closely related to the pigment in butter. In some 
countries it has been used for colouring margarine. 0-8 % of red palm oil 
added to oleo brings the colour to that of Danish butter-fat, and when un- 
saponifiable matter from cod-liver oil to the vitamin potency of butter-fat 
has been added, the fluorescence also is a match for that of Danish butter-fat 


(Table V). 


Table V. Effect of pigments on the fluorescence of fats. 


Quality 
=. eee 
Shade Red Green Blue 

Jus sea ‘i ie nae ven 29 14 33 53 
Jus +08 % red palm a 20 22 43 35 
Jus +0-8 0 red palm oil + unsap. to vitamin n potency 

of butter-fat . oe su os 25 26 42 32 
Danish butter- fat Sad aie see hee 30 25 42 33 
Danish butter-fat IT . iat = sae we 29 22 44 34 
Oleo +0-8 % red palm oil + unsap. . or se 31 24 43 33 
Jus+1-6 % red palm oil ae aoe as 16 27 45 28 
Jus + 1-6 oP red palm oil+unsap. ... Fas wes 24 29 47 24 
New Zealand butter-fat ee ms ns aes 31 27 48 25 
Trish butter-fat =e6 aes aks aa ais 31 31 46 23 
CO. ass pe ‘se a 44 ll 34 55 
Oleo + sy: nthetic butter ‘colour ee es bes 14 15 34 51 


It is observed that the addition of red palm oil to jus causes the blue com- 
ponent in the analysis to drop, and the red and green components to increase. 
At the same time the intensity of the fluorescence (shade) is depressed some- 
what. The addition of unsaponifiable matter to the coloured fat increases the 
intensity of the fluorescence again, and further diminishes the blue component. 
The quality of the fluorescence from jus with unsaponifiable matter and 0-8 % 
red palm oil is a match for that of Danish butter-fat, and doubling the amount 
of pigment brings the quality to a match with that of New Zealand or Irish 
butter-fat. The shade figure for jus with unsaponifiable matter and 0-8 % red 
palm oil is lower than the shade figure for oleo with the same additions, but 
this is to be attributed to the greater opacity of jus. The greater opacity to 
ordinary light is obvious. The greater opacity to fluorescence-exciting rays 
can be demonstrated by shielding a crystal of uranium nitrate from the direct 
rays of the lamp by a thin layer of jus or oleo in a Petri dish. The crystal of 
uranium nitrate fluoresces much more strongly under the screen of oleo than 
under the screen of jus of the same thickness. 

The samples that respectively match Danish butter-fat and New Zealand 
or Irish butter-fat in the quality of their fluorescence, also match them in the 
actual colour by ordinary illumination (Table VI). Here, as would be expected, 
the greater opacity of the jus increases the brightness by reflected light. 








1522 R. 8. MORGAN AND K. MacLENNAN 


Table VI. Actual colour by reflected light of samples that match in 


fluorescence. 
Quality 
ee  — ——_———OOOe 
Shade Red Green Blue 

Danish butter-fat I... cee os 58 47 40 13 
Oleo+0-8% red palm oil + unsap. to vitamin 

potency of butter-fat . pas ies 57 48 41 1l 
Jus +0-8 % red palm oil +unsap. sie ee pee 69 47 39 14 
New Zealand butter-fat Si = es ese 45 51 40 9 
Jus +1-6 % red palm oil+unsap. ... ae me 53 52 39 9 


SUMMARY. 


1. A method has been devised by which the actual brightness of the 
fluorescence of a solid fat, illuminated by ultra-violet light filtered practically 
free from visible light, may be determined, and the colour expressed in terms 
of three additive primaries: red, green and blue. 

2. There is present in the unsaponifiable matter from cod-liver oil a 
brightly fluorescent substance. Curves and tables are given showing the effect 
of the addition of unsaponifiable matter from cod-liver oil on the fluorescence 
of two fats, one already slightly fluorescent (jus), and the other brightly 
fluorescent (hardened coconut oil). 

3. The fluorescence of butter or butter-fat is yellow in colour, but the 
normal fluorescence of margarine is blue. This difference cannot be accounted 
for solely by the known differences in vitamin content. 

4. The blue fluorescence of margarine can be modified as follows: 

(a) by varying the fat mixture: certain vegetable fats fluoresce bright 
blue, while the fluorescence of oleo and jus is pale greenish; 

(b) by the addition of unsaponifiable matter from cod-liver oil: the first 
small additions markedly increase the brightness and diminish the blueness 
of the fluorescence; 

(c) by varying the nature of the pigment present: some pigments depress 
the fluorescence more markedly than others. 

5. A sample of oleo coloured with sufficient red palm oil to match it with 
butter-fat, and with sufficient unsaponifiable matter from cod-liver oil to bring 
it up to butter-fat in vitamin A potency, exactly matches butter-fat in 
fluorescence. 
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In a paper published by the author some years ago [1923] in conjunction with 
Prof. Schryver, mention was made of the fact that mesaconic acid had been 
obtained from among the products extracted from green leaves (cabbage). 
As it appears that the presence of this substance among naturally occurring 
products had not previously been reported, it is thought that a rather more 
detailed account of its discovery might be of interest. 

As stated in the original paper, the object of the research was, mainly, to 
examine the simpler nitrogenous constituents of green leaves, this being the 
natural extension of the earlier work of Chibnall and Schryver on the leaf- 
proteins. 

The method adopted may be summarised briefly as follows. 

90 kg. of fresh leaves were minced, the ether-water extract obtained, and 
the protein therein flocculated [cf. Chibnall and Schryver, 1921]. The clear 
solution was treated with alcohol (2 volumes of 95 % alcohol), and the white 
flocculent precipitate produced was removed; this is termed the “organic 
phosphate precipitate.” After evaporation of the alcohol, the basic sub- 
stances were precipitated by the usual phosphotungstic acid method. From 
the filtrate, sulphuric acid and excess of phosphotungstic acid were removed ; 
the filtrate was then saturated with baryta and the barium salts of organic 
acids present were precipitated by the addition of excess of 95 % alcohol [cf. 
Dakin, 1921]. This precipitate is designated the “dicarboxylate fraction,” 
consisting as it does mainly of the barium salts of dicarboxylic acids, nitro- 
genous and non-nitrogenous. It was from the “organic phosphate” and 
“dicarboxylate” fractions that mesaconic acid was isolated, the greater part 
being found in the latter. 

The barium dicarboxylates were decomposed quantitatively by means of 
sulphuric acid, the amount necessary having been determined gravimetrically. 
The filtrate and washings were evaporated to a thick syrup; this was extracted 
repeatedly with alcohol, whereby the simple organic acids present were 
separated roughly from the nitrogenous dicarboxylic acids. The alcoholic 
liquid was evaporated to a thin syrup, and extracted with ether; on evapo- 
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rating, the ethereal extract partly crystallised. After removing the crystals, 
the residue was taken up in water, neutralised by the addition of calcium 
hydroxide, and the calcium salts were precipitated with alcohol. From the 
calcium salts thus formed, a second crop of crystals of the free acid was 
obtained, similar to those first separated. The substance was recrystallised 
from water, giving small colourless prisms, moderately soluble in cold water, 
readily soluble in hot water and alcohol, but sparingly soluble in ether. The 
total yield of the recrystallised product was 5-0 g.; M.p. 201°. 

An elementary analysis revealed only the presence of carbon, hydrogen 
and oxygen. The substance was strongly acid, its equivalent, determined by 
titration with standard alkali, being 65-0. An estimation of the molecular 
weight by the cryoscopic method in aqueous solution gave a result of 124. The 
substance was therefore a dibasic acid. Permanganate was rapidly decolorised 
by the substance, as was also bromine water on warming slightly. 

The above properties indicated that the substance was an unsaturated 
dicarboxylic acid, with a molecular weight of 130. Mesaconic acid, C;H,(COOH),, 
fulfils these requirements, and has m.P. 202°. The bromine addition product was 
prepared, and recrystallised from water, being then found to have m.P. 204°, 
with decomposition, agreeing with the m.p. of the mesadibromomethylsuccinic 
acid obtained on bromination of mesaconic acid. A mixed melting point of 
the original acid with a sample of pure mesaconic acid had m.p. 201-2°. The 
acid isolated was therefore certainly mesaconic acid. 

As stated above, a further small amount (1 g.) of the acid was obtained 
from the “organic phosphate” fraction. This fraction consists mainly of the 
calcium and potassium salts of various inorganic and organic acids, and the 
mesaconic acid is apparently present as a calcium salt. It is liberated by 
treatment with dilute sulphuric acid, and is then extracted by alcohol, crystal- 
lising out when the alcoholic liquid is mixed with ether and allowed to stand. 
The total yield of mesaconic acid obtained in the two portions (6 g. from 90 kg. 
of leaves), is not to be regarded as a measure of the total amount present, as 
the methods of separation were by no means quantitative. 

As far as can be ascertained, mesaconic acid has not previously been met 
with as a naturally occurring product. It is possibly connected with citric 
acid, which is a frequent constituent of plants, and was in fact isolated from 
the “dicarboxylate” fraction in the course of this work. Loss of water from 
citric acid gives aconitic acid, which is present as the calcium salt in the 
sugar-cane, sugar-beet, and specially in the leaves of Adonis vernalis. This 
acid is known to pass, by loss of carbon dioxide, into citraconic acid, the 
optical isomer of mesaconic acid. The change from citraconic acid to mesa- 
conic acid is not easy of explanation; it seems certain, however, that mesaconic 
acid is present as such in the leaf, and is not an artefact. This view is supported 
by its isolation from the “organic phosphate” fraction, when only mild 
reagents, not usually regarded as capable of effecting any intramolecular 
change, were brought into contact with the acid. 
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The work on the constituents of green leaves, of which the investigation 
here described formed a small section, was carried out under the direction of 


Prof. 8. B. Schryver, F.R.S. 
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Since very full reviews of the literature concerning the oestrus-producing 
hormone have recently been published [Allen and Doisy, 1927; Parkes, 1928], 
it is not proposed to enter into a detailed historical summary here, and only 
those papers particularly concerning the aspect at present under consideration 
are briefly reviewed. It is proposed to describe experiments leading to a 
method for the preparation of the oestrus-producing hormone in a highly 
active, water-soluble form and its properties in this state. That such a product 
would have considerable advantages for clinical and experimental purposes 
over the existing oily material, requires but little comment. Whilst Ralls, 
Jordan and Doisy [1926] state that they can obtain from liquor folliculi an 
oily preparation containing 1 unit in 0-02 mg. of solid material, experiments 
here have not succeeded in reducing the unit by this method to below 0-5 mg., 
but this discrepancy may be due to differences in the technique of standardisa- 
tion which are discussed later. 

There have been many claims to the preparation of a water-soluble 
product. It will only be necessary to refer here to the main workers. Zondek 
and Brahn [1925] were among the first to describe a water-soluble extract, 
and in the same year Loewe [1925] obtained an active aqueous solution. 
Glimm and Wadehn [1926], and Frank et al. [1926] also describe similar 
preparations. By far the most important claim is that put forward by Laqueur 
and his co-workers [1925, 1926, 1927]. Although Prof. Laqueur has sent us 
water-soluble material of high activity, we have not succeeded in obtaining 
satisfactory results by means of the methods published by him and his 
associates. Whilst we have obtained active material by his method, the yields 
have been very small and inconstant. In 1927 [Dickens, Dodds and Brink- 
worth, 1927] a method was also published by us, but as has already been 
pointed out [Dodds, 1928], this has not proved satisfactory. 

Since all these methods have been adversely criticised it was decided to 
attack the problem de novo. As the work progressed two separate problems 
arose; firstly the question of preparation, and secondly the method of 
standardisation. 

In all these experiments placenta has been used as the starting material. 
The first attempts to produce a water-soluble preparation were made by acid 
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digestion of the placenta. Whilst an apparent aqueous solution containing the 
active principle could be obtained by this procedure, the crude material 
produced local abscesses in the animals. Although the final product had the 
appearance of an aqueous solution, the active principle could be extracted by 
means of ether or butyl alcohol and was associated with material of fatty 
nature; a colloidal suspension of fats had been produced. It was evident that 
a method had to be adopted involving the destruction of the fats. This was 
accomplished by the use of barium hydroxide in place of acid for the initial 
digestion of the placenta; after extraction of the unsaponified fat, this was 
resaponified with the barium hydroxide and a clear aqueous solution was 
obtained after removal of the soaps. The activity, however, had almost 
completely disappeared, and it was only possible to produce a pro-oestrus 
response in the animals by injecting this material according to the usual single 
dose method. It appeared from these experiments, therefore, that the potency 
was destroyed by this treatment. 

Up to this point, except in the earliest experiments, standardisations had 
been carried out by the method of Coward and Burn [1927]: a number of 
ovariectomised animals were injected with a single dose of the material and 
the response was studied by vaginal smears, the results being calculated on 
the percentage of rats giving full oestrus. By this method the resaponified 
material gave no oestrus response. At this stage in the investigations an 
aqueous specimen of material was received from Prof. Laqueur which, when 
tested by the method of standardisation already referred to, was also found 
to be inactive, but when injected in a series of small doses according to the 
method described by Laqueur and his co-workers, proved to be highly potent. 
A re-standardisation on these lines of the aqueous material made by the 
barium hydroxide method resulted in a full oestrus response ina large percentage 
of animals, in contrast to an entirely negative result when injected in a single 
dose. With this knowledge it was possible to evolve a process for the pre- 
paration of water-soluble material of high potency. 


EXPERIMENTAL. 


Standardisation. 
The following table gives the results of a single injection as contrasted 
with the response obtained when the quantity of the dose is divided into six 
equal portions. 


Table I. 
No. of rats 
Batch No. No. of rats Dose showing oestrus Result % 
215 10 1 dose of 1 ce. ] 10 
258 7 1 dose of 1 ce. 0 0 
215 15 6 doses of 0-2 cc. 13 86 
(interval as under “method”’) 
258 10 6 doses of 0-2 cc. 6 60 
278 20 6 doses of 0-2 ce. 11 55 
278 20 4 doses of 0-3 ec. 0 


in 12 hours 
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This demonstrates that the single injection method was not applicable to 
water-soluble material and, moreover, it fully confirms the claims of Laqueur 
and his co-workers as to the activity of water-soluble material when injected 
in multiple doses. In addition to dividing the dose, the time interval between 
the injections is very important. Thus, six doses distributed as described give 
a positive result, whereas the same total quantity, if given by the method 
described by Allen e¢ al. [1924] is inactive. Results such as these led to the 
adoption of a method combining the multiple dose technique of Laqueur with 
the “statistical” method of Coward and Burn. 

Method. All standardisations have been performed upon ovariectomised 
rats. When a weight of 140 g. is reached the ovaries are removed and vaginal 
smears are taken for 2 weeks. If no signs of cyclical activity are observed, 
the animals are then put into use. Six doses of 0-2 cc. each are injected into 
the animals, the preparations being diluted to contain approximately 1 unit 
in 1-2 ec. The injections are made as follows: first day, 9 a.m. and 6 p.m.; 
second day, 9a.m., 3 p.m. and 9 p.m.; third day, 9a.m. only. Smears are 
taken at 9 a.m. on the first and second days; at 9 a.m. and 6 p.m. on the third 
day; and again at 9 a.m. and 6 p.m. on the fourth day. It is rare for a rat to 
attain oestrus after the evening of the fourth day, and often signs of a return 
to the dioestrus condition are already present in the sixth smear. A minimum 
of 20 rats and, where possible, 100 rats are used for each batch. Smears have 
been stained with haematoxylin and eosin, since this enables a permanent 
record to be kept of the response elicited by various preparations. 

Interpretation. One unit of activity is that quantity of material required 
to produce a full oestrus response in 50 % of the rats used (Coward and Burn). 
Oestrus has been taken to be present when cornified cells only are shown in 


the vaginal smear. 


Table II. 
Calculated Difference 
No. showing unit between duplicates 

Batch No. No. of rats oestrus ee. ce. 
260 20 9 1-33 

30 16 1-12 O21 

279 20 13 0-92 : 

20 14 0-86 0-06 
281 19 14 0-81 
20 i) 1-33 
290 50 26 1-15 
52 29 1-08 
290 a 40 17 1-40 
36 10 2-16 
292 20 7 1-71 
21 14 0-90 


In view of the striking differences between the action of the hormone in 
oily and water-soluble form, we decided to construct a curve connecting the 
percentage of oestrus response and the number of rats used, similar to that 
recorded by Coward and Burn. Owing to the large number of determinations 
necessary in order to establish such a curve, our experiments upon this point 
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are at present incomplete. That the method described above is far from 
satisfactory is shown by a series of duplicate standardisations taken at random 
from our results. 

Table IIshowsthat even with the precautions of the method quoted, the unit 
may vary by as much as 5 to 50%. Although Coward and Burn pointed out 
a year ago that there is a considerable possible error in the use of 25 rats, and 
the above experiments fully bear out their views, some writers do not even 
mention the number of animals used for a single test, and assume for their 
standardisation what must now be regarded as an entirely fictitious accuracy. 
The statistical method is much superior to the diminishing dose technique, and 
until further experiments have produced a better definition we have adopted 
the 50 % response as a unit. 

As previously shown [Dickens, Dodds and Wright, 1925] the crude material 
produced by alcoholic extraction from ovaries considerably depressed the 
blood-pressure. The water-soluble material obtained by the method described 
below is, however, entirely without action on the blood-pressure, even in doses 
containing 50 units, when injected into a cat under chloralose and ether 
anaesthesia. 

The effect on the uterus has also been examined by the method of Dale 
and Burn, and it was found that the addition of the extract in doses of 50 units 
to the uterine bath (125 cc.) produced a series of very small and slow con- 
tractions and relaxations. Further work is being done on this point. 


Preparation. 


Acid digestion of the placenta. Digestion of the placenta with acid [Dickens, 
Dodds and Brinkworth, 1927] results in nearly all the placental material 
entering into solution. The great stability of the hormone was shown by 
digesting minced placenta (1300 g.) with 650 cc. of 5 % hydrochloric acid in an 
autoclave at 150° with constant stirring for 74 hours. The resulting suspension, 
when cold, was centrifuged, and the reaction of the clear, dark-coloured fluid 
(1770 cc., precipitate discarded) was adjusted to py 4, when an isoelectric 
precipitate appeared. This was dissolved in a minimum of 0-1 N alkali and was 
made up to 1000 cc. and 1 ce. of this slightly turbid solution produced oestrus. 

This extract was very crude and the adsorption of activity on to the 
precipitate was not constant. Extraction of the activity from the acid digest 
was attempted with butyl alcohol [Dickens, Dodds and Brinkworth, 1927]. 
2-5 kg. of minced placenta and enough concentrated hydrochloric acid to 
bring the p, to 1-8 were heated in an autoclave at 150° with stirring for 
1} hours, and were allowed to cool. The mixture was filtered (filtrate 2430 cc., 
Py 3°0) and was extracted with butyl alcohol for 10 hours in a constant- 
extraction apparatus. The dark-coloured extract deposited a colourless 
crystalline precipitate (amino-acids?) which was removed, and a coagulum 
separating in the aqueous part was extracted with butyl alcohol. The com- 
bined butyl alcohol extracts were evaporated in vacuo to a dark-coloured 
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residue completely soluble in hot water. The reaction was strongly acid, and 
on neutralising a turbidity appeared. The volume of this crude extract was 
800 cc., and 0-5 ec. caused a definite oestrus response. The active material was 
still associated with fatty substance as was shown by ether extraction, 
evaporation of the ether extract yielding a suspension (A) of fat globules in 
water (480 cc.) of which 0-5 cc. produced a definite oestrus response. Centri- 
fuging separated the fat droplets and standardisation showed that this layer 
carried with it the activity. It was therefore concluded that in order to obtain 
an aqueous preparation, preliminary destruction or removal of the fats was 
necessary. The simplest method of bringing this about appeared to be saponi- 
fication. 

Saponification. It was proved that the hormone in the fat-containing 
preparations is stable to the action of boiling alkali. Thus the suspension (A) 
(see above), was divided into four specimens. To the first 0-1 N sodium hy- 
droxide was added until the py was between 8 and 9, to the second an equal 
volume of normal sodium hydroxide solution was added, and to the third an 
equal volume of 20 % potassium hydroxide. The fourth specimen served as 
a control. All the four specimens were heated in a boiling water-bath for 
3 hours with vigorous shaking at intervals. Each was cooled, acidified with 
hydrochloric acid, and extracted with ether; the ethereal extracts were washed 
with a little water and evaporated. The residues, containing fatty acids, were 
emulsified in dilute sodium carbonate solution (volume of each specimen equal 
to half the initial volume of (A) used), and doses of 1 cc. were given (i.e. four 
times the dose of (A)). Each of the four specimens produced oestrus, showing 
that the active material had survived this treatment. 

In order to determine the best conditions for saponification with minimum 
loss of activity, a quantity of fatty material was prepared from placenta by 
a modification of Allen and Doisy’s method [Dickens, Dodds and Wright, 1925]. 
After freezing out most of the fats from the acetone solution of the final 
product, and precipitating the cholesterol by digitonin, 9-39 kg. of placenta 
gave 2-59 g. of clear oily substance (No. 217), of which a solution in olive oil 
containing 25 mg. per cc. was prepared for injection, the results of which are 
tabulated below for comparison with those obtained after saponification}. 


Table ITI. 
Dose in mg. No. of rats Results 
2-5 20 2E, 5E-, 11P 
5-0 10 3 E-, 1P 
10-0 6 2E, 2E-, 2P 
30-0 6 
Note. E denotes complete cornification; E— denotes a similar smear but containing a few 
nucleated epithelial cells; and P denotes a definite pro-oestrus smear. 
For the following experiments a solution of 2-086 g. of No. 217 in 50 cc. 


absolute alcohol (41-7 mg. per cc.) was prepared. 
1 The experiments described here were performed before the results of Coward and Burn’s 
work on the standardisation of the hormone were known to us. 
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Determination of saponification value. The solution (5 cc.) was boiled under 
reflux for 2 hours with 0-0909 N alcoholic potassium hydroxide (25 cc.), cooled 
and titrated against 0-0988 N hydrochloric acid using phenolphthalein 
(required 15-3 cc.). The saponification value was, therefore, 205. The contents 
of the flask were evaporated to a clear, reddish-brown, aqueous solution (5 cc.), 
which was neutral to phenolphthalein, and was injected in single doses of 
0-5 ec. into rats (no. of animals 7; result, 5 E, 2 P). 

Saponification by the calculated amount of alkali. In the above experiment 
an excess of alcoholic potassium hydroxide was used. In a similar experiment 
using the calculated amount (8-4 cc. 0-0909 N) of potassium hydroxide in 
alcohol after boiling under reflux for 2 hours, the reaction was neutral to 
phenolphthalein, and the solution was evaporated on the water-bath to a very 
small volume and made up to 5 cc. with water. The solution was very faintly 
opalescent. A dose of 0-15 cc. was injected into rats (8 animals; result, 1 E, 
3 E-, 4 P). Saponification of 5 cc. by boiling for 1 hour with sodium in alcohol 
(4-5 cc. of a solution of 0-40 g. sodium in 100 cc. absolute alcohol) followed by 
evaporation and neutralisation with 0-5 cc. 0-1 N hydrochloric acid, gave an 
aqueous ‘preparation (5 cc.) which set to a jelly on allowing to stand for some 
days. “Doses of 0-15 ec. each were injected into rats (7 animals; result, 1 E, 5 P). 

Removal of soaps. These experiments show qualitatively that the fats can 
be saponified without complete destruction of the hormone. If alkalis are used, 
the resulting product contains the corresponding soaps in aqueous solution. 
Removal of these soaps by replacing the alkali metals by barium was attempted 
in two ways: (1) by direct saponification of the oily material by boiling with 
barium hydroxide, and (2) by addition of barium chloride to the solution of 
potassium soaps obtained from the oily material as above. 

(1) The stock solution (No. 217, 5 cc.) was boiled for 2 hours under reflux 
with the addition of the calculated amount (3-8 cc. 0-2 N) of barium hydroxide 
solution. The neutral alcoholic solution was evaporated, a little water being 
added, and the precipitate of barium soaps (B) was filtered off. The filtrate 
was freed from barium by cautious precipitation with 1% sulphuric acid 
solution and filtration from the precipitate of barium sulphate. The clear 
yellow filtrate was evaporated to 5 cc. and contained 5-4 mg. of solid matter 
(dried at 110°) per cc. Doses of 0-15 cc. proved to be inactive (2 P only). 
A similar experiment in which twice the calculated quantity of barium 
hydroxide was used gave a similar result (P only being obtained even with 
three times the dose given above). The barium soaps (B) were taken up in 
hot 50 % alcohol and 1 % sulphuric acid was added until the reaction was 
strongly acid. After half an hour on the boiling water-bath, barium hydroxide 
solution was added until the acidity was reduced to a weakly acid reaction, 
the precipitate of barium sulphate was filtered off, and the alcohol removed 
from the filtrate by distillation. The fatty acids which separated were again 
emulsified by addition of dilute sodium bicarbonate solution, the final volume 
being 5-5 cc. Doses of 0-3 cc. were inactive. Thus the activity of the extract 
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could not be recovered from the precipitate of barium soaps and was ap- 
parently destroyed. 

(2) Attempts to trace the exact stage at which the loss occurred were 
made by converting the fats into the potassium soaps and precipitating by 
addition of barium chloride solution. 23-5 cc. of the stock solution in alcohol 
(No. 217) were saponified as before by boiling with 0-1 N alcoholic potassium 
hydroxide solution (40 cc.) for 2 hours, the reaction remaining alkaline 
throughout. The slight excess of alkali was neutralised by 0-1 N hydrochloric 
acid (1-5 ce.) and the alcohol was evaporated. The resulting aqueous solution 
(23-5 cc.) was standardised (10 rats; single dose of 0-2 cc.; result, 5 E, 3 P). 
5 cc. of this solution were diluted to 10 cc. and heated on the wate~-bath, and 
a slight excess of barium chloride solution (9-4 cc. approximately 0-1 NV) was 
added. The resulting precipitate of barium soaps was centrifuged, and the 
clear supernatant fluid freed from the excess of barium by sulphuric acid. 
The final volume was 5 cc.; when injected into 6 rats in single doses of 0-25 cc. 
it was completely inactive. 

These results were obtained only with fairly pure fatty material. We 
found in similar experiments in which crude oily preparations made from 
placenta by the usual alcohol process, with removal of the lipins but without 
subsequent purification by freezing and by digitonin, were boiled with barium 
hydroxide, much of the activity passed into the aqueous filtrate. In one 
experiment the oily material (10-5 g., which in doses of 75 mg. to each of 
10 rats gave 9 oestrus responses) was dissolved in hot aqueous alcohol (160 cc. 
of 70 % alcohol) containing 5 g. of crystalline barium hydroxide in solution 
and the mixture was boiled under reflux for 2 hours. The reaction not being 
markedly alkaline, a further 2 g. of barium hydroxide crystals dissolved in 
10 cc. of water were added, and boiling was continued for another half hour. 
A precipitate had formed, and distillation of the alcohol caused a further 
amount to collect. The residue was cooled on ice and centrifuged; the clear 
aqueous supernatant fluid when heated, became turbid, and this precipitate 
was also removed by filtration. Removal of the barium by sulphuric acid gave 
a faintly opalescent filtrate (40 cc.) (10 rats; 1 cc. each; result, 5 E, 3 E-, 3 P). 
This result suggests that the hormone was carried into the final solution in this 
experiment adsorbed on to a colloid (? cholesterol). That the final solution 
contained lipoid material was shown by treatment in a continuous extraction 
apparatus with ether, evaporation of the ether yielding a trace of oily material 
which could not be redissolved in water, but which, on emulsification with dilute 
sodium bicarbonate solution and injection into rats, evoked an oestrus 
response. This method of preparation from the fatty material we regarded, at 
the time of these experiments, as unsuitable for the preparation of aqueous 
solutions of the hormone, since it failed with purified fatty material. As already 
described under “Standardisation,” material of this type was found to be 
active when given to rats by the multiple injection method. It seemed probable 
that in the experiments in which soaps remained present in the final material 
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after saponification (those in which potassium hydroxide or sodium ethoxide 
was used) the presence of these substances caused the material to act like the 
original oily preparations; whereas the use of barium, and consequent removal 
of the insoluble barium soaps, produced a different type of substance, in 
aqueous solution, inactive in one dose, but giving a positive response when 
administered by multiple doses. That it is possible to reverse this effect is 
shown by taking some of the water-soluble product, the preparation of which 
is described later, and adding potassium oleate solution to it before injection. 
In one experiment, the material in a single dose of 0-15 cc. injected into 10 rats 
gave an entirely negative response; but injection into 7 rats of a single dose 
of 0-1 cc. mixed before injection with 0-1 cc. of a solution of potassium oleate, 
produced 1 oestrus and 6 pro-oestrus responses; whilst the same material 
without potassium oleate, given to 15 rats as 6 injections, the total amount of 
which for each animal was equal to 0-08 cc., caused 13 of the rats to show an 
oestrus response. 

Alkaline digestion of the placenta. These experiments suggested the use of 
alkali instead of acid for the digestion of the placenta, the object being the 
early elimination of as much of the saponifiable fats as possible. In a typical 
experiment 500g. of the minced placenta together with an equal volume of 
water and 200 g. of crystalline barium hydroxide were heated on the steam- 
bath, the temperature inside the flask being about 85°, for 9 hours. After 
cooling and filtering (precipitate rejected), the filtrate, which was clear and 
light in colour, was freed from barium by sulphuric acid (alcohol extraction of 
the precipitate of barium sulphate yielded no active material). The clear 
aqueous solution so obtained (300 cc., filtrate “C’’) was active in single doses 
of 1 cc., and the potency seemed to be in solution since it could be filtered with 
practically no loss of potency. Investigations on the concentrations of barium 
hydroxide, time and temperature, showed that periods of boiling, even up to 
8 hours with an equal volume of 20 % barium hydroxide, did not destroy the 
activity; whilst digestion for half an hour at the boiling-point was shown to 
be insufficient, since an alcoholic extract of the precipitate filtered off after di- 
gestion, and also of the precipitate of barium sulphate, gave active material in 
these experiments, and the final product was without activity—possibly due to 
insufficient saponification. Very slow digestion at 70° for 18 hours presented 
no advantage over brisk boiling for 2 hours in a steam-jacketed still under 
reflux with an equal volume of 20 % barium hydroxide solution, and this was 
the method finally adopted. Digestion of the placenta with alcoholic barium 
hydroxide has also been found to be suitable—boiling for 1 hour with two 
volumes of alcohol and barium hydroxide crystals to 10% of the total 
volume effects very complete digestion, and on filtering from the precipitate 
and evaporating the alcohol a concentrated solution remains containing the 
activity. We have used mainly aqueous digestion in the preparation of our 
extracts. 

Purification by alcohol and ether. The crude product obtained in this way 
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contained a large quantity of protein fission products. It gave a copious 
precipitate with picric acid, a small precipitate on saturation with ammonium 
sulphate, no precipitate with trichloroacetic acid, and a pink biuret reaction. 
It was toxic, producing a severe local reaction. In order to purify it and to 
remove the protein digestion products, precipitation by alcohol and ether was 
tried: the filtrate ““C”’ obtained in the experiment described above (300 cc.) 
was evaporated to 150 cc. (pq 2-8) and 10 volumes of absolute alcohol were 
added gradually with stirring. The alcohol was filtered from the resultant 
sticky precipitate of peptone (rejected, being found inactive and toxic). 
Removal of the alcohol left a viscous residue which was dissolved in water 
(52-5 cc.), single doses of 0-25 to 0-5 cc. being found active. The solution still 
gave a pink biuret reaction and a precipitate with picric acid. These properties 
were largely lost on reprecipitation from 95 % alcohol. The white precipitate 
forming was found to contain little or no activity. The alcoholic solution was 
added to twice its volume of ether when a brownish sticky precipitate collected, 
and this also was found to be without activity. The ethereal solution was 
evaporated, giving a small trace of yellow oil which, when suspended in water 
(75 cc.), had an acid reaction and was, therefore, neutralised by a small amount 
of sodium hydroxide. Doses of 0-5 cc. showed definite activity. (The use of 
acetone instead of alcohol and ether led to a similar product.) 

This preparation still contained a small amount of fatty substance which 
was removed by boiling again with barium hydroxide. 20 cc. were added to 
10 cc. cold saturated aqueous solution of barium hydroxide and the mixture 
was boiled. Evil-smelling bases were evolved, and boiling was continued until 
their removal was complete (? hour). A precipitate had then settled and was 
removed from the solution by filtration, the barium was quantitatively 
removed from the filtrate by sulphuric acid and the volume made up to 20 cc. 
(Standardisation on 8 rats; dose 1 cc.; result, 1 E-, 4 P.) Trichloroacetic acid, 
copper sulphate, acid and alkali caused no precipitation, picric acid a very 
faint one, but the biuret and other protein reactions were still positive and a 
precipitate was obtained with tungstic, tannic, and phosphotungstic acids, and 
also with mercuric chloride. These precipitants were not suitable for purifica- 
tion, the active material being apparently divided between the precipitate and 
the liquid. (That a response was obtained by the single injection method in 
these experiments is to be attributed to the relatively crude nature of the 
final product.) 

Extraction with ether and with butyl alcohol. In all experiments of this type 
the final product contained nearly all the protein disintegration products 
extracted by butyl alcohol. Alcohol and ether precipitation following the 
butyl alcohol extraction, besides involving the use of large quantities of these 
solvents, did not yield a product of sufficient purity. Direct ether extraction 
of the placental digest was insufficient, as shown by the large yield of active 
material obtained by subsequent extraction with butyl alcohol. Thus the 
filtrate obtained after digestion with barium hydroxide in the usual way 









OESTRUS-PRODUCING HORMONE 1535 


(17-1 litres, concentrated to 4-7 litres, from 10-1 kg. of placenta) was extracted 
in a shaking apparatus with ether (two extractions, each with 1-5 litres ether). 
The ether was distilled off and the light-coloured, oily residue was dissolved 
in alcohol, a trace of barium was removed by precipitation with sulphuric 
acid and the alcohol was evaporated from the filtrate, which was then made 
slightly alkaline and injected as an emulsion (volume 22-5 cc.; dose 0-1 cc. to 
each of 6 rats; result, 1 E-, 2 P). The aqueous layer after ether extraction was 
then extracted under the same conditions with butyl] alcohol (two extractions, 
each with 1500 cc.), the butyl alcohol was evaporated and the large residue 
dissolved in about 1 litre of hot water, and this was shaken with ether (two ex- 
tractions, each with 500 cc. ether). The ether extract was filtered, concentrated, 
and all traces of butyl alcohol were distilled off, and an equal volume of alcohol 
was added to the aqueous residue. Barium hydroxide solution (10 cce., 5 %) 
was added and the mixture was boiled under reflux for 2 hours. The resulting 
precipitate was filtered from the cold solution, the barium was removed by 
sulphuric acid, and the filtrate (75 cc.), a clear yellow solution, contained 
15-6 mg. of solid matter per cc. It was standardised first in a single dose of 
0-15 cc. (6 rats; result, 5 P) and later, after diluting 15 times, by injections 
of 6 doses of 0-2 cc. to each animal (total amount equivalent to 0-08 cc. of the 
undiluted material: 15 rats; result, 13 E, 1 E-, 1 P). The material contained 
in the aqueous layer after ether extraction, when concentrated, did not produce 
oestrus. This method, omitting the preliminary ether extraction of the barium 
hydroxide digest, has been repeated many times, and active material has 
consistently been obtained. The following table summarises the results from 
some typical batches (the multiple dose method of standardisation is used in 
this and in all the subsequent experiments). 


Table IV. 
Solids (detd. at 110°) 
Weight of Final Approx. A 


Batch placenta volume No. of unitinee. Units per ce. per unit 
No. kg. ce. rats (undiluted) per kg. mg. mg. 
215 10-1 75 5 0-05 150 15-6 0-78 
241 4-3 90 0-14 | 145 2-18 0-13 

237 3-1 70 0-17 135 
3-1 
3- 


242 65 0-15 290 7-64 1-14 
247 09 55 2 0-1 180 _— — 

The material, though now without toxic and irritant properties, was still 
crude, as may be seen from the last column in the above table. It also con- 
tained a high percentage of nitrogen (for example, No. 241 had 0-335 mg. 
nitrogen per cc., or 0-047 mg. per unit) and contained substances giving a pink 
biuret reaction, and a faint but definite Millon reaction. Nessler’s solution 
caused the formation of a cream-coloured precipitate; phosphotungstic acid 
also gave a voluminous precipitate. A portion (5 cc.), evaporated to dryness 
and extracted with chloroform, gave negative reactions for cholesterol. The 
substance is not precipitated by trichloroacetic acid or tungstic acid, nor by 
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95 % alcohol. Addition of chloroform to the alcoholic solution caused a white 
precipitate to separate. The properties of the solution suggested that it 
contained bases. 

Removal of basic impurities. The ether extract (500 cc.) obtained as above 
from 4-83 kg. of placenta, after washing with water, was washed successively 
with (1) 10 cc. 0-1 N HCl, (2) 5.cc. 0-1 N HCl and water, and (3) 20 cc. water 
in two portions. The combined extracts, of which (1) and (2) were strongly 
acid in reaction, were warmed to remove ether, and a dilute solution of sodium 
sulphate was added to precipitate the small quantity of barium, which was 
removed; the filtrate was neutralised with 1 cc. of N sodium hydroxide and 
was found to be inactive. The nitrogen content was 0-168 mg. per cc., the total 
amount extracted being 11 mg. The ether solution was washed twice with 
water (the second washing gave no precipitate with silver nitrate) and was then 
evaporated. The pale yellow residue was dissolved in 50 % alcohol (50 cc.), 5 ce. 
of 5 % barium hydroxide were added and the mixture was boiled under reflux 
for 2 hours. The alcohol was distilled off and the aqueous residue was allowed 
to stand in the ice-chest overnight, after which the precipitate (A) was removed 
by centrifuging and the barium removed from the clear supernatant fluid by 
sulphuric acid. The resulting clear, pale yellow, aqueous solution (40 cc.) was 
combined with that obtained in a similar way by repeating the digestion of 
the precipitate (A) in 25 cc. of 50 % alcohol with 2 cc. of 5% barium hy- 
droxide for 1} hours, and removing the soaps and excess of barium hydroxide. 
The combined volume was 65 cc. and a portion was diluted 24 times for 
standardisation. Six doses of 0-2 cc. were given to each of 20 rats, 10 of which 
showed an oestrus response; hence the unit was taken to be 0-05 cc. of the 
undiluted product. The total yield was 1300 units, or 270 per kg. of placenta. 
The solution contained 1-0 mg. per cc. of solid residue (dried at 110°) and 
analysis by the micro-Kjeldahl method (Pregl) showed 0-050 mg. N per cc.; 
thus the unit was 0-05 mg. and contained 0-0025 mg. N, the total nitrogen in 
the 65 cc. being 3-25 mg. and, therefore, the shaking with hydrochloric acid 
had removed 75 % of the total nitrogen contained in the ether extract. 
Further extractions with hydrochloric acid remove only a negligible quantity. 
The product, after purification in this way, no longer gave the biuret test, 
the Millon reaction. was faint but positive, whilst phosphotungstic acid 
produced a very slight, or no precipitate. The colour given with the Folin 
phenol reagent was, in this experiment, approximately equal to that given 
by a solution containing 0-1 mg. of tyrosine per cc. (equivalent to 0-0004 mg. 
tyrosine-N per unit). In Table V, Nos. 258 to 279, the properties and yields 
obtained by this method in five typical batches are given. 

Remarks on the method. Fresh placenta has been used in nearly all batches, 
but in a few cases in which the material was slightly putrescent the yields were 
considerably diminished. In one experiment when definitely putrid material 
was used, we obtained only 25 units per kg. of placenta. Three extractions with 
butyl alcohol are usually sufficient, though, as experiment No. 324 in Table V 
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Table V. 
Solids (detd. at 110°) Nitrogen 
Wt. of Final Standn. Approx. Units ———~——_, 9 -——_*———__,, 

Batch placenta vol. no. of unit per perce. per unit per ce. per unit 
No. kg. ce. rats ce. kg. mg. mg. mg. mg. 
258 4-83 65 20 0-05 270 1-0 0-050 0-05 0-0025 
260 8-01 82 50 0-050 205 0-52 0-026 0-016 0-0008 
274 6-2 200 20 0-20 160 0-50 0-10 0-036 0-007 
278 7-0 162 20 0-18 130 — — — —- 
279 5:35 375 40 0-46 150 0-20 0-092 -- — 
280 11-35 320 20 0-15 180 0-37 0-06 — 


281 10-5 345 110 0-25 190 0-14 0-035 0-007 0-0017 
282 11-05 120 20 0-071 210 1-18 0-084 — — 
284 9-65 100 20 0-05 200 — — a = 
285 15-98 135 20 0-067 125 0-56 0-069 0-04 0-0047 
288 14-2 120 20 0-083 105 0-148 0-0123 _— See 
295 33-9 227 20 0-052 125 0-28 0-018 0-0147 0-00094 


304 32-4 225 19 0-08 90 0-30 0-025 0-013 0-0011 
305 17-7 105 20 0-055 110 — — —_ on 
309 31-0 310 20 0-09 110 0-20 0-018 0-006 0-0006 
321 6-45 90 20 0-066 210 1-12 0-07 0-11 0-007 
324 a) 14-0 1"o 20 0-07 156 0-48 0-034 0-043 0-003 
324 bj 90 20 0-2 { 33 0-64 0-12 0-060 0-012 
328 15-0 130 20 0-06 150 0-40 0-024 0-026 0-0015 

{331 1-78 100 20 0-35 160 0-16 0-05 0-012 0-004 

| 332 1-70 160 20 0-9 100 0-18 0-16 0-016 0-014 
345 61-5 550 20 0-07 125 0-18 0-013 0-028 0-002 
292 13-15 130 41 0-11 90 0-09 0-010 0-010 0-001 
310 5-0 60 20 0-13 92 0-18 0-023 0-012 0-0016 
311 5-0 {100 20 0-38 (52 0-68 0-26 0-085 0-032 
313} ? (120 20 0-30 (80 0-36 0-108 0-033 0-010 
313 16-0 160 20 0-15 65 0-18 0-027 0-015 0-0023 

Notes. 


No. 279. Alcoholic barium hydroxide used for digestion of placenta. 

No. 321. Placenta had been frozen at —5° for 15 days before use. 

No. 324. First three extractions with butyl alcohol, of barium hydroxide filtrate, combined 
and worked up as usual. 

No. 324 6. Second three extractions from above (making 6 in all) worked up separately from 
324 a by the usual process. 

Nos. 331 and 332. The same batch of placenta was divided into two portions, No. 331 was used 
at once, and No. 332 was stored for 5 days in an equal volume of 0-5 % solution of tricresol in 
water at room temperature before digestion with barium hydroxide as usual. 

No. 292. Three ether extractions. 


shows, the extraction is then not quite complete. Direct extraction with 
ether is much less convenient owing to the formation of emulsions and is also 
less efficient as in the following example: the placenta (10 kg.) was boiled in 
the usual way with barium hydroxide and the resulting filtrate was con- 
centrated and exactly half was extracted with ether (three extractions separated 
in the centrifuge). The combined ethereal extract after evaporation was treated 
with barium hydroxide as usual and the final aqueous product was No. 311, 
containing about 260 units. The filtrate, which had been extracted as above 
with ether, was afterwards extracted with butyl alcohol and the extract 
treated in a similar way (No. 312, a further 400 units). The other half of the 
original barium hydroxide digest was extracted directly with butyl alcohol as 
usual and gave about 460 units when treated in the usual manner. These results 
are summarised at the end of Table V where the result of an experiment (No. 313) 
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is included in which a mixture of butyl alcohol (30 %) and ether (70 %) was 
used for extraction ; this, however, was not so complete as when butyl alcohol 
alone was used. The use of specially purified butyl alcohol of very low nitrogen 
content does not increase the yield or degree of purity of the final product. 

Whilst the washing with hydrochloric acid of the ether solution obtained 
from the evaporated butyl alcohol extract is not accompanied by any loss of 
potency, the use of alkali for this purpose results in a partition of the activity. 
In one experiment on this point, the ether extract resulting from 1-55 kg. of 
placenta (140 cc.) was shaken mechanically for } hour with 0-1 N sodium 
hydroxide in two portions of 100 cc. each. The ether was then washed with 
water and the combined washings and alkaline extracts were made fairly 
strongly acid with N sulphuric acid. This solution was then shaken with ether, 
and, after evaporation of the ether, the residue was taken up in 50 % alcohol, 
10 ce. of 5 % barium hydroxide were added and the mixture was boiled under 
reflux for 2 hours. After removal of alcohol, barium soaps, and then excess 
of barium, the filtrate (107 cc.) contained 125 units (20 rats; 6 doses of 0-2 ce. 
each; result, 14 E; approximate unit 0-85 cc., containing 0-29 mg. solids and 
0-0082 mg. N per unit). The ether extract, after the above washing with sodium 
hydroxide, was evaporated and put through the usual process. The final volume 
was 174 cc. containing 85 units (20 rats; 6 doses of 0-2 cc. each; result, 6 E; 
approximate unit 2-0 cc., containing 0-17 mg. solids and 0-0017 mg. N per 
unit). This is an example of the activity being carried with the sodium soaps, 
and appears to be an absorption phenomenon, numerous examples of which 
have occurred in connection with the hormone. 

The next point requiring quantitative investigation was the saponification 
with barium hydroxide of the oily residue obtained on evaporation of the 
ether. In certain of the earlier experiments a considerable loss of activity 
occurred at this stage, and we have found that this was due, not to inactivation, 
but to adsorption of the active material on the precipitate of barium soaps, 
and was probably associated with incomplete saponification. If the precipitate 
of barium soaps was filtered off and again boiled with barium hydroxide 
solution under reflux, a further yield of active maierial was obtained in these 
cases. In our later experiments we have also preferred to use an aqueous 
medium for the saponification rather than an alcoholic one, since the danger 
of loss from this cause appears to be less in an aqueous suspension. Under 
these conditions this operation is accompanied by a small loss only, as the 
following experiment shows. 

The ether extract obtained in the usual way from 14 kg. of placenta was 
divided into two equal portions and both were evaporated to small oily 
residues; one of these was dissolved in a very little aleohol and poured into 
water and evaporated to drive off most of the alcohol, giving a fine, stable 
suspension in water (126 cc.). Injection of this material (diluted 8 times for 
standardisation; 6 doses of 0-2 cc. each to 20 rats; unit 0-14 cc. (undiluted) 
containing 0-56 mg. of solids and 0-0035 mg. N per unit) showed that it 
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contained in all 880 units. The oil from the other half of the evaporated ether 
extract was also suspended in a similar volume of water, 10 cc. of 5 % barium 
hydroxide were added to the aqueous suspension, and the mixture was boiled 
under reflux for 1 hour. The slight precipitate which separated during boiling 
was removed by filtration and barium was precipitated from the clear 
filtrate by heating on the water-bath and cautiously adding 0-1 N sulphuric 
acid until the reaction was very slightly acid. The precipitate of barium 
sulphate was filtered off and was washed with a little hot water. The filtrate 
(145 ce., diluted 7 times for standardisation; 6 doses of 0-2 cc. to each of 
19 rats; unit 0-19 cc. (undiluted) ; 0-026 mg. of solid material and 0-0017 mg. N 
per unit) contained in all 760 units. The loss in this experiment was within 
the experimental error of standardisation. 

Great care is necessary in the removal of barium from the final product. 
In the above example the addition of an excess of 0-5 cc. 0-1 N sulphuric acid 
to the total volume increased the “solid” content (weight of the residue 
at 110°) by nearly 50 °%. If, however, care is taken to determine the reaction, 
either electrometrically or by the use of an external indicator, the sulphuric 
acid neutralisation is satisfactory. To avoid this operation, precipitation by 
carbon dioxide after making alkaline with ammonia may be used (precipitation 
with carbon dioxide from the solution without addition of ammonia is in- 
complete). The filtrate from the final boiling with barium hydroxide, repre- 
senting 10-7 kg. placenta, was divided into two equal portions. The first 
(No. 336 a) was freed from barium in the usual way by sulphuric acid (volume 
110 ce., diluted 12 times for standardisation; 6 doses of 0-2 cc. to each of 
19 rats; estimated unit 0-19 cc. approx.; solids 0-38 mg., 0-032 mg. N per cc.). 
To the second (No. 336 b) a dilute solution of ammonium hydroxide was added 
until the solution smelt definitely of ammonia. Carbon dioxide was then passed 
through the solution until precipitation of the barium was complete, when the 
precipitate of barium carbonate was filtered off and the ammonia quantita- 
tively removed from the filtrate by distillation in a current of steam. The 
residual solution gave no precipitate with sulphuric acid. (Volume 80 cc.; for 
standardisation, diluted 18 times; 6 doses of 0-2 cc. each to 20 rats; estimated 
unit 0-1 cc. undiluted; solids 0-56 mg., 0-021 mg. N per cc.) This experiment 
shows that the latter method of removing barium is also satisfactory. 

The method finally adopted. This is based on the experiments described 
above, and the procedure is described in detail, since the exact conditions are 
of importance, for a quantity of 10 kg. of dissected and minced placenta; this 
is added to 10 litres of hot water containing in solution 200 g. of crystalline 
barium hydroxide. The mixture is boiled for 2 hours in a steam-heated, 
enamelled iron vessel, furnished with a reflux condenser, and is afterwards poured 
on to filters made of “jean” (filter paper may be used for small quantities of 
material). The liquid filters readily, and the filtrate is concentrated in ashallow, 
steam-jacketed, enamelled iron pan to a volume of about 4 litres. This, together 
with the slight precipitate which may have separated, is extracted by mechanical 
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shaking for periods of } hour with three or four successive quantities, each of 
1 litre, of butyl alcohol. The combined extracts are distilled under diminished 
pressure until nearly all the butyl alcohol is removed and the residue is dissolved 
in 2 litres of hot water and is filtered through a folded paper. The precipitate 
is washed with ether and the ethereal extract is added to that obtained from 
the aqueous portion (by shaking in a separating funnel with three or four 
successive quantities, each 0-5 litre, of ether). The combined ether extract is 
washed with water! (two washings of about 500cc. each) andisthen concentrated 
(transferring to a small flask at the end of the evaporation) to a slight, oily 
residue which is freed from the remaining trace of butyl alcohol by distilling in 
vacuo with a little water. The residue is dissolved in a minimum amount of 
alcohol (about 5 cc.) and is transferred to a volume of about 200 cc. water. The 
suspension thus obtained is shaken with three successive quantities of about 
300 ce. ether, and the combined extracts are then washed three times with about 
50 cc. of approximately 0-1 N hydrochloric acid, and finally with distilled water 
until the washings are free from chloride. The ethereal solution is then 
evaporated and the very small residue is dissolved in a minimum quantity of 
alcohol (2 or 3 cc.) and the alcoholic solution is poured into about 100 cc. of 
distilled water, and at this stage the extraction with ether may be repeated 
a third time if desired. This is not generally necessary, however, and after 
removing nearly all the alcohol by evaporation from an open dish on the water- 
bath, 10 ce. of a 5 % solution of crystalline barium hydroxide in water are 
added to the aqueous suspension, and the mixture is heated under reflux in a 
boiling water-bath or is gently boiled on a sand-bath for a period of 1 to 2 hours. 
The contents of the flask are then cooled to room temperature, and the clear 
solution is filtered from the slight precipitate which has formed. The filtrate 
is set on one side and the precipitate is thoroughly extracted with successive 
small quantities of hot alcohol. The alcoholic extract is evaporated to small 
volume and is then added to about 50 cc. of distilled water; 5cc. of 5% 
barium hydroxide are added and the mixture is boiled as before for 1 hour, 
when it is cooled and filtered. The combined filtrates from the first and second 
boilings with barium hydroxide are next heated on the boiling water-bath and 
the barium is removed by either of the methods described. The final product 
should be quite free from traces of barium or of sulphuric acid, and is usually 
faintly acid in reaction (about py 5). The results obtained from 16 typical 
batches are given in Table V, Nos. 280 to 292. 

Physical properties.The clear liquid obtained as described above is colourless, 
or very pale yellow in colour, often showing astrong blue fluorescence. It may be 
evaporated in an open dish on the steam-bath giving a residue which retains the 
activity of the original preparation, is freely soluble in absolute alcohol, but does 
not redissolve readily in a small volume of water. The final product appears to 
be in the form of a solution (true or colloidal) since it passes through filter paper 


1 It may with advantage be washed with hydrochloric acid and water at this stage also. 
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with little or no diminution of activity, and may be filtered through a Berkefeld 
candle without great loss. Thus 560 cc. of material prepared as above, con- 
taining 7-0 units per cc. were filtered through a previously moistened Berkefeld 
candle, which had been tested to retain bacteria. The total volume thus 
obtained was 558 cc., and this, standardised on 52 rats, was shown to contain 
5-0 units per cc. The loss was, therefore, about 35 %. This test was performed 
with an impure product containing 0-08 mg. of solids per unit. Further 
evidence as to solubility is given by dialysis. Some of the material, after 
filtration through the Berkefeld filter (20 cc.; 5-0 units per cc.) was placed 
within a Schleicher and Schiill parchment diffusion thimble (tested after the 
experiment and found not to allow egg-albumin to pass through) so that, 
after inserting the manometer tube, a slight pressure was indicated; this did 
not diminish during the experiment. The thimble was allowed to stand for 
24 hours in a beaker containing 75 cc. of distilled water. At the end of this 
time the thimble was removed and its contents (the change in volume being 
negligibly small) were diluted three times, after which 6 doses of 0-2 cc. were 
given to each of 19 rats, three of which showed an oestrus response (before 
dialysis in double this dilution a similar injection into 52 rats caused a 50% 
response). The outside solution (75 cc.) was injected without dilution as 6 doses 
of 0-2 cc. each into 18 rats, when 6 showed a definite oestrus response. The 
material is thus dialysable with some loss of activity. This is in agreement 
with the findings of Laqueur e¢ al. [1926, 3; 1927]. The preparation is stable 
to boiling, and we have used this method, as well as heating in the autoclave 
at 120° for 15 minutes, for sterilising the product. Tricresol may be added 
without obvious effect on the activity. After filtration through the Berkefeld 
candle, the material described above was divided into two portions to one of 
which 0-1 % of tricresol had been added, and both were sealed in sterile glass 
vessels and placed in an incubator at 37° for 3 months. At the end of this 
time they were removed and after diluting the contents six times with water, 
6 doses of 0-2 cc. were given to each rat. The specimen without tricresol 
(injected into 40 rats) produced a 58 % response; that with the tricresol 
(36 rats) gave a 44 % response, whereas standardisation before incubation 
(52 rats) showed oestrus in 50 % of the animals. These variations, however, 
are within the limits of error of the method of standardisation. 

Ether extraction. The active material is soluble in ether and may be com- 
pletely removed from the aqueous solution of the hormone by continuous 
extraction with ether. The ethereal extract on evaporation yields a slight colour- 
less residue which dissolves completely in warm water and the solution contains 
active material. This has not yet been fully investigated quantitatively ; there 
appears, however, to be a considerable loss of activity, but this may possibly 
be accounted for by peroxides which were present in the samples of ether used. 

The nitrogen content. As will be seen from the last two columns of Table V 
the product made in this way always contains nitrogen, as a rule to the extent 
of 5 or 10 % of the total solids. This is, of course, no indication that the pure 
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hormone contains nitrogen, indeed a contrary result has been observed by 
Laqueur et al [1925] and by Allen and Doisy [1927], and as our analytical figures 
show, there is no relationship between the nitrogen content and the activity. 
The nitrogenous constituents appear to be non-volatile in steam, non-basic, 
or, if basic, to give a hydrochloride and sulphate soluble in ether, and about 
15 % only of this total nitrogen is liberated by distillation with concentrated 
sodium or potassium hydroxides, the remainder being apparently stable to 
alkali. With the purest products the Millon reaction is exceedingly faint, 
whether performed in the usual way or with the modification of Weiss. The 
biuret reaction is negative. All batches have given a faint colour with Nessler’s 
solution, the depth being of the same order as that given by a solution of 
ammonium sulphate containing 0-001 mg. nitrogen per cc. There does not 
appear to be any quantitative relationship between this coloration and the 
activity of the product. The main part of the nitrogenous constituent is ex- 
tractable with ether from the aqueous solution. Investigation of these points 
is being continued. 

Experiments upon the further purification of this material are in progress. 
Fractional precipitation with alcohol and ether shows that the potency can 
be greatly increased. 

It may be noted that active material has been obtained from the urine 
of pregnant women by butyl alcohol extraction, followed by the process 
described earlier. Two litres of urine, when so treated, gave 240 cc. of aqueous 
solution of which 6 doses of 0-2 cc. given to 20 rats produced 12 oestrus re- 
sponses. This corresponds to 120 units per litre, and hence confirms the work 
of Zondek [1928]. 

The preparation has been used clinically in several centres. Whilst it is as 
yet too early to state the results, experiments have proved that large doses 
may be given daily to women without any untoward results. The clinical 
reports up to date indicate that the preparation will have a definite application 
in the treatment of various disorders such as amenorrhoea and premature 
menopause. This aspect will be dealt with elsewhere. 


SUMMARY. 


1. A method is described whereby the oestrus-producing hormone is 
constantly obtainable in good yield from placenta in the form of an aqueous 
solution. 


2. This material is inactive in a single dose but produces oestrus when 
given as a series of small injections. Standardisation of this product is dis- 
cussed and the use of a method combining the multiple dose technique with 
the statistical method is described. 


3. The weight of one unit as calculated on the basis of this method of 
standardisation is reduced to 0-01 mg. 
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4, The physical and chemical properties of this preparation are described, 
and it is shown that active material will pass through a porcelain filter and 
that it may be dialysed through parchment. 

5. The material is stable to prolonged incubation and to short exposures 
to high temperatures. 

6. The substance is without effect on blood-pressure or respiration and no 
ill effects have been observed when it has been injected daily for some months 
into patients. 


We have to thank the following hospitals for allowing us to collect material 
from them: City of London Maternity Hospital; East End Maternity Hospital, 
Commercial Road; General Lying-in Hospital, York Road; Queen Charlotte’s 
Maternity Hospital; Queen Mary’s Hospital for the East End, Stratford. 

It is a great pleasure to acknowledge the help afforded to us by Messrs 
Boots Pure Drug Company, Nottingham. One of us (F. O. H.) held the Boots 
Scholarship in these laboratories and the Company gave us the technical 
assistance of Mr E. A. Harvey. In addition, they assisted very generously 
with the heavy laboratory expenses in connection with this work. 


ADDENDUM. 


When this paper was completed, the communication of Thayer, Jordan and 
Doisy [1928] came to our notice. These authors convert their very active, oily 
material into water-soluble form, by a method which presents many similarities 
to that used by Laqueur and his co-workers [1927]. The experiments described 
above have shown that our material, the unit of which is 0-01 mg. or more, 
is inactive when given in one dose or by the method described by Allen et al. 
[1924]. Unfortunately Thayer, Jordan and Doisy give no details of standardisa- 
tion in the paper referred to and, therefore, it is not possible for us to compare 
the potency of their material with that of our own. 
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CXCI. VARIATIONS IN SOME OF THE CON- 
STITUENTS OF THE BLOOD THROUGHOUT 
THE MENSTRUAL CYCLE IN NORMAL WOMEN. 


By HAROLD GEORGE CLOSE anp ARTHUR ARNOLD OSMAN. 
From Guy’s Hospital, London, S.E. 1. 


(Received November 5th, 1928.) 


Durine the course of an investigation on certain forms of Bright’s disease, it 
became necessary to know the possible variations in some of the constituents 
of the blood which might occur throughout the menstrual cycle. As figures 
on the subject were not readily available, it was decided to undertake the 
necessary investigations in a group of normal women. The results obtained 
are considered of sufficient general interest to justify publication as they may 
prove of value to other workers. A further point of interest has arisen out of 
the investigation as corresponding determinations were made in a series of 
women of a different social class who, though not suffering from any recognis- 
able disease, were nevertheless in a state of subnormal health due largely to 
overwork, worry, insufficient food, and living generally under adverse circum- 
stances. The figures obtained in the two groups differ in some important respects. 
Those for the latter group will be published in due course. 

Determinations of the following constituents of the blood-serum were 
made—-bicarbonate, chloride, urea, calcium. In a few instances the inorganic 
phosphorus of the serum was also estimated. The subjects selected were all 
young, healthy, athletic women, thirteen in number, pupils of the Massage 
Training School at Guy’s Hospital, who very kindly volunteered to undergo 
investigation. None of them had suffered at any time from menstrual irregu- 
larities or abnormalities, or had recently had any illness which might have 
been expected to disturb the menstrual cycle. No dietetic restrictions were 
imposed. The blood was: usually collected at midday, under paraffin, from a 
vein in the antecubital fossa, without exerting pressure, and the determinations 
were always made within a few hours of taking the blood. Observations were 
usually made midway between menstrual periods, or on the Ist, 2nd, or 3rd 
day of the period. In each case the observations covered at least two complete 
menstrual cycles. 


METHODS. 
Serum-bicarbonate. The titration method of Van Slyke, Stillman and 
Cullen [1919] was used throughout. The titration was taken to a constant 
end-point, p,, 7-4, instead of to the py of the sample of blood used. To a slight 
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extent this would render the figures in “acid” samples too high, and in 
“alkaline” samples too low. In practice however the error is not great, and 
would tend to minimise the findings, so that a decrease in the bicarbonate 
would be less marked, using this modification, than that actually present. 
Phenol red was used as an indicator instead of neutral red. The results are 
expressed as molar concentration of bicarbonate. 

Serum-chloride. Claudius’s method [1924] was used. 

Inorganic phosphate. Briggs’s modification of the Bell and Doisy method 
[1920] was used. 

Serum-calcium. Kramer and Tisdall’s method [1921] was used. 

Urea. Twort and Archer’s method [1923] was used. 

Our own normals agree with those of other workers using these several 
methods, but, as will be seen, there is reason to believe that in women of the 
child-bearing age a wider range of normal variation is met in some of the 
blood-constituents, notably the bicarbonate and chlorides, as compared with 
the corresponding variations in males. It has been shown previously [Cook 
and Osman, 1923], and is confirmed here, that the average normal bicarbonate 
in women is slightly lower, and is subject to greater variation than in the male. 


RESULTS. 


As will be seen from the accompanying tables, on the whole there is very 
little change in these constituents of the blood during the menstrual flow in 
perfectly healthy women. There appears to be no significant change in the 
blood-calcium and blood-urea. There is a slight but definite increase in the 
serum-chlorides during the flow, and to some extent a slight decrease in the 
serum-bicarbonate. There would also appear to be no significant difference in 
the figures obtained on the 1st, 2nd, or 3rd days of the menstrual flow. No 
change was observed in those cases in which the inorganic phosphate of the 
serum was estimated. The results ate summarised in the two following tables. 


SUMMARY. 


In healthy adult females there is a slight decrease in the serum-bicarbonate, 
and a corresponding slight increase in the serum-chloride during the menstrual 
flow. The serum-calcium and serum-urea show no significant change at this 
time. 


We wish here to record our indebtedness to those ladies who so kindly 
volunteered to have the investigations done at no little personal inconvenience. 

This investigation was carried out with the aid of a grant from the Medical 
Research Council. 
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N.B. The two figures in each column refer to readings taken at two separate periods or 
intermenstrual periods. Each individual figure is the average of at least two, generally of three, 
readings. 


Table I. 
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Serum-bicarbonate, -chloride, -calcium and -urea in normal 
women throughout the menstrual cycle. 


Period 
Midway 
Period 
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Period 
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Period 
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NaHCO, 
M 
0-0277 
0-0296 
0-0300 
0-0301 
0-0287 
0-0294 
0-0306 
0-0302 
0-0298 
0-0299 
0-0278 
0-0290 
0-0301 
0-0303 
0-0292 
0-0302 
0-0300 
0-0296 
0-0260 
0-0276 
0-0290 
0-0310 
0-0308 
0-0280 
0-0308 
0-0296 
0-0300 
0-0295 
0-0290 
0-0317 
0-0297 
0-0283 
0-0289 
0-0310 
0-0283 
0-0296 
0-0298 
0-0304 
0-0281 
0-0292 
0-0312 
0-0302 
0-0294 
0-0321 
0-0317 
0-0305 
0-0283 
0-0290 
0-0281 
0-0284 


NaCl 


g. per 
100 ce. 


0-547 
0-600 
0-577 
0-576 
0-599 
0-565 
0-541 
0-614 
0-573 
0-573 
0-582 
0-585 
0-576 
0-582 
0-611 
0-614 
0-600 
0-598 
0-597 
0-579 
0-570 
0-611 
0-618 
0-556 
0-594 
0-614 
0-608 
0-614 
0-611 
0-579 
0-603 
0-632 
0-605 
0-614 
0-620 
0-605 
0-617 
0-591 
0-623 
0-589 
0-570 
0-597 
0-567 
0-579 
0-620 
0-565 
0-611 
0-608 
0-576 
0-562 


Urea 
mg. per 
100 ce. 

26 
28 
36 
29 
30 
31 
34 
32 
35 
28 
30 
28 


45 
49 
53 
48 
32 
34 
30 
34 
29 
28 
26 
28 
32 
31 
33 


32 


Ca 
mg. per 
100 ce. 

11-9 

10-1 

10-6 

10-8 

10-7 

10-4 


10-4 
10-4 


9-4 

9-9 
10-5 
10-6 
11-3 
11-6 
10-2 
10-3 

9-9 
10-3 
10-0 

9-7 
10-6 
10-5 
10-6 
10-3 
10-5 
10-7 

9-7 

9-6 
10-0 
10-6 
10-4 
10-9 
10-5 
10-6 
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Table II. Average values for serum-bicarbonate, -chloride and -calcium. 
Menstrual and intermenstrual. 





Intermenstrual Menstrual 
oe, Se ‘ ; r \ 
Highest Lowest Average Highest Lowest Average 
M NaHCO, 0-0317 0-0280 0-0301 0-0321 0-0260 0-0291 
NaCl (g. per 100 cc.) , 0-620 0-541 0-585 0-623 0-547 0-591 
Calcium (mg. per 100 cc.) 11-6 8-6 10-4 11-9 9-6 10-4 
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CXCII. CHANGES IN THE NUCLEAR-PLASMIC 
RATIO OF VERTEBRATE POIKILOTHERMS 
DURING HUNGER. 


By ANTHONY DMOCHOWSKI. 
From the Biochemical Laboratory, Faculty of Medicine, Warsaw University. 


(Received October 29th, 1928.) 


INTRODUCTION. 


THE metabolic processes of poikilotherms differ considerably from those of 
homeotherms. Whilst during hunger proteins, carbohydrates and fats are 
metabolised by warm-blooded animals, yet the relative consumption of these 
constituents changes greatly during the course of inanition. Thus glycogen 
and fats are metabolised during the first or middle stage of inanition, and, as 
these reserves are consumed, protein metabolism begins to predominate. In 
the case of poikilotherms, conditions are different. The work of Reuss and 
Weinland [1912], Knauthe [1898], Biataszewicz [1919] and others, has shown 
that the part played by protein in hunger metabolism is several times greater 
than for homeotherms, and recently Przylecki and Karezewski [1923] and 
Przylecki and Opienska [1926] have shown that, only under certain abnormal 
conditions, vertebrate poikilotherms are able, using fat and carbohydrate 
reserves, to spare the utilisation of protein in hunger as a source of energy. 

A higher percentage of the organic constituents of poikilotherms is repre- 
sented by protein than is the case for homeotherms. This is illustrated by 
Table I, where percentage protein and percentage protein metabolism in 
hunger are compared for various animals [Biataszewicz, 1919]. 


Table I. Protein content and percentage protein metabolism. 


% of protein % of total hunger 


in organic metabolism due 

Animal constituents to protein Author 
Lepus caniculus 71-8 20-5* Rubner [1881] 
Gallus domesticus 66-8 18-8* Kiickein [1882] 
Anguilla vulgaris 84-6 83-1 Reuss and Weinland [1912] 
Salmo salar 63-3 73-1 Miescher [1897] 
Hirudo medicinalis 90-5 84-5 Biataszewicz [1919] 
Amblystoma 88-6 89-1 Librach [1922] 
Rana esculenta 86-2 85-5 Librach [1922 


* For first few days of hunger. 


We see that protein represents 80-90 % of the organic constituents of 
poikilotherms, and that about the same percentage of the total hunger 
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metabolism is due to protein. The loss of weight on death from inanition is 
much greater than for homeotherms, being 55-75 % of the original weight 
for frogs, axolotls and newts [Librach, 1922], whilst for birds and mammals 
it does not exceed 40-50 %. 

The question arises whether the difference in the loss of proteins accom- 
panying inanition between homeotherms (about 40%) and poikilotherms 
(60-70 %) is due to a larger protein reserve possessed by the latter class of 
animals. Should this be so, the exhaustion of this reserve should lead to a 
marked increase in the nuclear-plasmic ratio. Research on this question has 
been conducted in this laboratory for some time, along lines initiated by 
Schaeffer and Le Breton [1923]. Truszkowski [1928] found that the nuclear- 
plasmic ratio of frogs not only did not rise, but even fell at the end of winter, 
from the average value of 37-8 x 10-* to 35 x 10-* in March and 30-5 x 10-% 
in April. This paper describes further similar researches on protein reserve, 
the number of different species examined being greater, and the period of 
inanition longer. A wider range of temperatures of the surroundings was 
also taken. 


EXPERIMENTAL. 


Frogs (Rana esculenta), axolotls (Amblystoma) and trout (Salmo officinalis) 
were taken as experimental material. The technique adopted was that 
described by Truszkowski,[1926], being a slight modification of Schaeffer and 
Le Breton’s method. 

1. Frogs. Four series of experiments were carried out on frogs. The first 
group represented fed animals, taken in October and November, the second 
group was of frogs not fed for 26 days, kept at a temperature of 25° (December), 
the third represented 53 days of hunger at 15° (January), and the fourth 
73 days of hunger at 0° (February). A few animals were taken for each 
determination, being minced immediately after removal of the testes or 
ovaries, and of the contents of the alimentary canal. The results, given in 
Table II, show that, as Truszkowski found, no great variations occur in the 
nuclear-plasmic ratio, the values found for the above four groups being 
respectively 35-89, 36-07, 33-37 and 36-77 x 10-%. 


Table II. Nuclear-plasmic ratio of frogs at various stages of inanition. 


Purine-N Purine-N 








%N %N mg. per mg. per 
Days %solid live dry 100g.live 100g. dry Nuclear- 
No. hunger substance weight weight weight weight plasmic ratio Remarks 

1 0 21-80 2-633 12-08 98-76 453 39:0 x 10-3 

2 0 21-15 2-954 13-97 90-30 427 31-52 x 10-3 

3 0 21:30 2-758 12:95 98:85 464 37:17 x 10-8 : 
Mean 0 21-42 2-782 13-0 95-97 448 35-89 x 10-3 

4 26 20-20 2-573 12-49 88-21 437 36-07 x 10-8 At 25° 

5 53 20-23 2-651 13-14 85-24 425 33-37 x 10-3 At 15° 

6 73 22-10 2-627 11-83 92-98 420 36-77 x 10-3 At 0° 
Men — 20-84 2617 1249 88-81 427 35-4 x 10-3 


Bioch. xxm 99 
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The figures given by Scaffidi [1910] for the purine-nitrogen content of frog 
muscle (35 mg. %) are too low, this difference being due to the fact that he 
calculated N, as the sum of that of the extracted muscles plus that of the 


unhydrolysed extract. 

2. Azolotls. A considerably longer period of inanition was taken for 
axolotls. As for frogs, four series of determinations were made. The first group 
of animals was analysed before hunger; the remainder was divided into three 
groups, each member of which was placed in a separate vessel with water at 
room temperature, which was changed every few days. These groups were 
taken for analysis after 145, 280 and 340 days of hunger. Our observations 
upon axolotls are to a certain extent divergent from those of Librach, who 
found that no individual survived more than 173 days at 25°, when 75 % of 
the original weight had been lost; in our case, after 340 days of hunger only 
56-6 % had been lost. Further, Librach did not find a diminution in total 
dry content, which in our case fell from 13-5 to 9-1 %. 

The results, given in Table III, show that the nuclear-plasmic ratio rises 
from 33-0 to 38-0 x 10-3 after the first 5 months of hunger, and then falls to 
28-5 x 10-3 after 11 months. Owing to an accident, values were not obtained 
for 9 months of hunger, and also unfortunately material was not available 
for the study of the final stages of inanition, which would have been particularly 
interesting in view of the pre-mortal rise in nitrogen elimination. 


Table III. Nuclear-plasmic ratio of axolotls at various stages of inanition. 
Purine-N  Purine-N 
% loss %N %N mg. per mg. per 





Days in % solid live dry 100g. live 100¢. dry Nuclear- 
No. hunger weight substance weight weight weight weight plasmic ratio 
1 0 -— 13-80 1-702 12-33 52-38 380 31-75 x 10-3 
2 0 —_— 13-83 1-679 12-07 56-66 410 34-93 x 10-3 
3 0 -= 13-60 1-774 13-06 55°57 408 32-32 x 10-% 
Mean 0 bes 13-74 1-718 1249 54-87 400 33-0 x 10-3 
4 145 35°5 13-50 1-732 12-83 63-48 471 38-0 x10-3 
5 280 55-2 10-20 1-282 12-57 —_ “= — 
6 340 56-6 9-09 1-197 13-17 33-27 366 28-5 x 107% 


3. Trout. Trout were obtained from the Zloty Potok breeding ponds. The 
fish, which were in a good state of nutrition, consisted of small fry about 5 g. 
weight each, one-year-olds, weighing 100-150 g., and two-year-olds weighing 
about 300 g. These were kept in running water aquaria which the Ichthyo- 
logical Laboratory of the Chief Agricultural School kindly placed at our disposal. 
The first group of trout were analysed at once (Nov. 25th to Dec. 13th); 
the remaining fish were subjected to inanition. 

50-100 g. of fresh mince were taken for each determination. The roe was 
removed before mincing, as well as the contents of the alimentary canal. The 
results, given in Table IV, indicate a 36-3 °/ increase in the nuclear-plasmic 
ratio of the young fish, which rises from 38-6 x 10-* for fed fish to 52-5 x 10-* 
after 80 days of inanition, involving a loss of body weight of 30%. In one 
case, where the fish were analysed several hours after death, the nuclear- 
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Table IV. The nuclear-plasmic ratio of trout fry at various stages of inanition. 
Purine-N Purine-N 
mg. per mg. per 
%loss % solid %N %N 100g. 100g. 
Days in sub- live dry live dry Nuclear- 


No. hunger weight stance weight weight weight weight plasmic ratio Remarks 
1 — — 21-0 2-78 13-24 105-18 501 39-32 x 10-3 
2 — — — 2-58 — 97-65 39-34 x 10-3 
3 — — 21-67 2-64 12:19 113-5 524 44-91 x 10-3 
4 —_— — 21-53 2-57 11-95 86-19 401 34-70 x 10-3 
5 — — 21-8 2-72 12-48 93-65 430 35-66 x 10-3 





Mean — — _ 21-49 266 1246 99:23 464  38-78x10-3 
6 80 30 183 246 13-31 12312 673 52-49x10-3 
7 80 30 17-65 2-30 13-03 97-4 551 44-21x10-% Dead fish taken 
Table V. The nuclear-plasmic ratio of two-year-old trout at various stages 
of inanition. 


Purine-N Purine-N 
mg. per mg. per 
% solid %N YN 100 g. 100 g. 


Days _ sub- live dry live dry Nuclear- 
No. hunger stance weight weight weight weight plasmic ratio Remarks 
192 — 22-15 2-79 12-6 88-0 397 32-2 x 10-3 
29 -- 19-4 2-42 12-38 53-11 274 22-44 x 10-3 Dead fish taken 


a ee 


2-83 13-04 74-0 341 26-82 x 10-3 Dead fish taken 
49 80 22-0 2-82 


12-83 121-5 552 45:0 x 10-3 


Table VI. The nuclear-plasmic ratio of yearling trout at various stages 


of inanition. 
Days Purine-N  Purine-N 
subse- YN YN mg. per mg. per 
Days ‘quent % solid live dry 100g.live 100g. dry Nuclear- 
No. hunger feeding substance weight weight weight weight plasmic ratio 

1 90 — 17-7 2-525 14-27 113-5 641 47-06 x 10-3 
2 180 mo 170 - 261 15-36 88-5 520 35-09 x 10-3 
3 30 60 19-7 2-58 13-1 116-5 592 47-15 x 10-3 
t 30 150 20-17 2-92 14-49 88-72 440 31-3. x 10-3 


plasmic ratio was only 44-2 x 10-%, indicating rapid post mortem purinolysis 
or deamination. Similar results were obtained for two-year-old fish (Table V). 
Thus, before inanition, a nuclear-plasmic ratio of 32-2 x 10-* was found for 
a female trout, whereas after 80 days of hunger this value had increased by 
40-1 % to 45-0 x 10-%. Here also fish taken for analysis some hours after 
death had very low purine contents. After 90 days of inanition the nuclear- 
plasmic ratio of one-year-old fish (Table VI) was 47-06 x 10-*; after 180 days 
when the fish were in the last stages of exhaustion, this value falls again to 
35°09 x 10-%. After 30 days’ hunger followed by 60 days’ feeding with liver, 
the nuclear-plasmic ratio was 47-15 x 10-%, whilst after 150 days of restitution 
it was 31-3 x 10-8. Owing to lack of material, separate determinations of the 
nuclear-plasmic ratio of one-year-old fish were not made; these presumably 
differ little from the values obtained for fry and for two-year-olds, or from 
those yearlings subjected to prolonged restitution. There is thus an undoubted 
increase in the value of the nuclear-plasmic ratio during the first stages of 
hunger, followed by a diminution to the normal value or slightly below. 
Restitution takes place slowly, pointing to an early depletion of reserves. 


99—2 
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Discussion. 

A consideration of the above results, both from the points of view of 
protein reserve and of the part played by nuclear and plasmic constituents in 
hunger metabolism, shows that the animals studied may be divided into two 
groups—amphibia, which exhibit a practically constant nuclear-plasmic ratio 
throughout the duration of inanition, and fish, whose nuclear-plasmic ratio 
undergoes marked variations. 

* Certain differences could, however, be distinguished within the former 
group. Thus the nuclear-plasmic ratio of frogs was practically constant over 
the period of hunger, whilst in the case of axolotls, it rose by 15 % after 
5 months, to fall again to 15 °% below normal after 11 months of hunger. This 
decline may be observed for all animals so far studied, trout also exhibiting 
it, and Truszkowski, who found the same for rats and frogs, explains it as 
being due to the disintegration of a certain number of cells, with elimination 
of nuclear constituents and resorption of plasmic constituents by other cells; 
this process would prevent the excessive increase of the nuclear-plasmic ratio. 
It is also, however, possible that this fall is due to elimination of extra- 
nuclear purines. The constancy of this ratio for the frog would indicate that 
this animal has a more economical hunger metabolism than the axolotl, and 
is able, by a more uniform oxidation of its constituents to achieve a better 
regulation of its hunger metabolism. This view is further supported by 
Librach’s observation that a tendency exists in these animals towards the 
reduction of their nitrogen metabolism during the last stages of hunger; it 
may be, however, that the protein reserve of frogs is very small, if it exists at all. 

On the whole, our results for amphibia diverge considerably from those 
obtained by other authors, who, on the basis of measurements of the surface 
or volume of nucleus and cytoplasm, found that hunger in all cases led to an 
increase in the nuclear-plasmic ratio [Vieweger, 1921 (infusoria); Morgulis, 
1911 and Leonard, 1887 (amphibia)]. Our gravimetric determinations would 
rather support the work of Bialaszewicz and of Librach, who found that the 
chemical composition of fed and starved organisms is practically identical, 
and who connected this fact with the ability to withstand protracted inanition. 

The results for trout are quite different. All individuals, irrespective of 
age, exhibited a considerable though transient increase of nuclear-plasmic 
ratio, amounting to about 40 %, followed by a return to normal values. So 
considerable a change in a fish closely related to the salmon, which has served 
as the classical example of the existence of reserve protein, must, in our 
opinion, be considered as a further, definitive proof of the existence of this 
reserve protein. 

Both the chemical and histological evidence adduced in support of the 
reserve protein theory by Miescher [1897], Paton [1898], C. W. Greene [1919] 
and C. H. Greene [1919], have been considered to constitute a sufficient basis 
for the acceptance of this theory. In our opinion, however, certain objections 
might be raised against the validity of these proofs. 
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Firstly, the fact that the solid content of tissues falls continuously during 
hunger to a large extent vitiates conclusions based upon morphological 
evidence, as Schaeffer and Le Breton have pointed out. For the same reason, 
the observation that 30 % of the relative protein content is lost, taking as the 
basis for comparison the whole of the remaining fat-free protein (C. W. Greene’s 
“protoplasm basis”) cannot be accepted as evidence for the existence of 
reserve protein. C. W. Greene considers the constant mineral content of starved 
animals to be a sufficient proof that no change has occurred in the degree of 
hydration of the cytoplasmic protein colloids, but it may be considered that 
even minimal changes in the relative contents of the particular mineral 
constituents may lead to an increase in the water-content of the tissues. 

The results of our research, based upon the determination of changes in 
the ratio of the weights of substances independent of the degree of hydration 
of the tissues, support the hypothesis of the existence of reserve protein, at 
least in fish, and their agreement with the results of other authors shows that 
the method applied by us to the study of this question is, in spite of all its 
short-comings, suitable for the purpose in question. These defects will be 
discussed elsewhere, and deal chiefly with extra-nuclear purines. 


SUMMARY. 


1. In view of their higher protein content, and of the greater part played 
by protein in the hunger metabolism of poikilotherms than in that of homeo- 
therms, as well as of the greater loss of weight attainable, it would appear 
that the former afford a convenient material for the study of protein reserve. 

2. The effect of inanition upon the nuclear-plasmic ratio of amphibia 
(Rana esculenta and Amblystoma) and of fish (Salmo officinalis) was investigated. 

3. The nuclear-plasmic ratio was practically constant for frogs; in the case 
of axolotls it rose by 15 % after 5 months of hunger, and fell to 15 % below 
normal after 11 months of hunger. 

4. The nuclear-plasmic ratio of trout after 80 days of hunger rose by 
30 % for fry and 49 % for two-year-olds. Yearling trout exhibited an increase 
of about 50 % after 90 days of hunger. This rise in the nuclear-plasmic ratio 
is transient, values obtained for the final stages of hunger being subnormal. 

5. A short period of restitution does not reduce the nuclear-plasmic ratio 
of trout to its normal value; this, however, takes place after a prolonged period 
of restitution. 

6. The results obtained for trout are, in view of the elimination of the 
effect of tissue dilution accompanying hunger, satisfactory proof of the 
existence of reserve protein. 


I wish to express my sincere gratitude to Prof. 8. J. Przylecki at whose 
suggestion this research was undertaken, and to whose unfailing advice and 
help I am indebted for its conclusion. 
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In the preceding paper [1928] upon changes in the nuclear-plasmic ratio of 
vertebrate poikilotherms during hunger considerable differences were observed 
in the behaviour of frogs, axolotls and trout. Thus the nuclear-plasmic ratio 
of amphibia remained practically constant during inanition, whilst in the case 
of trout it at first rose, falling to the normal value in the later stages of hunger. 
This result was interpreted as being evidence for the possession by trout of 
protein reserves. 

In view of the smaller part played by protein in the metabolism of mammals, 
it appeared probable that the corresponding changes in their nuclear-plasmic 
ratio would be inconsiderable. Truszkowski’s researches [1926, 1927], in which 
the nuclear-plasmic ratios of whole rats subjected to total inanition and of 
skeletal muscle and liver of dogs, fed on carbohydrates or proteins, or starved, 
were determined, appear to confirm this supposition. This author, who found 
that in skeletal muscle the nuclear-plasmic ratio remained constant under the 
above conditions, drew the conclusion that protein reserves do not occur in 
these tissues; the possibility of a limited storage of protein in canine liver 
was not, however, excluded. These results, are, on the whole, in accordance 
with generally accepted views [cf. Caspari and Stilling, 1925]. 

Deuel et al. [1928] found, on the other hand, that injections of thyroxine 
have the effect of increasing urea-nitrogen excretion without raising uric acid- 
nitrogen excretion, and this effect may be obtained even on persons previously 
subjected to prolonged nitrogen hunger. These results are, in spite of certain 
objections, such as that purine-nitrogen was not determined in the urine and 
that the residual nitrogen content exhibits a considerable increase after 
injection of thyroxine, strong evidence for the presence of protein reserves in 
man, and calculation shows that these must be to a considerable extent localised 
in the muscles. 

Certain of Truszkowski’s results necessitated additional research, chiefly 
as to the study of the nuclear-plasmic ratio during the various stages of 
hunger, and not only at death from inanition, and this question is, amongst 
others, the subject of this paper. 
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It is known that the part played by protein in hunger metabolism depends 
to a large extent upon the stage of inanition, and that it increases rapidly as 
fat reserves approach exhaustion; this is, according to Voit [1901], the cause 
of the premortal increase in nitrogen excretion, although Schultz [1899, 1901] 
and Serio [1923] ascribe the latter to the toxic effect of nitrogen hunger, which 
leads to the wholesale breakdown of cells. 

The nuclear-plasmic ratio might increase to a varying extent, according 
to the slower or faster exhaustion of protein reserves, and might finally, during 
the pre-mortal period of widespread cell destruction, possess its normal value, 
or even a lower value (Truszkowski). 

In order to throw light upon this matter the nitrogen excretion of fasting 
animals was determined parallel to their nuclear-plasmic ratio. 

The chemical nuclear-plasmic ratio, expressed as N p/(N,—N >), does not, 
as Schaeffer and Le Breton [1923] have pointed out, express the true ratio of 
nuclear to cytoplasmic nitrogen. Accepting quite arbitrarily for technical 
reasons that purine-nitrogen is a measure of nuclear mass (in reality it amounts 
to only two-thirds of the total nucleic acid-nitrogen, the remainder being 
pyrimidine base-nitrogen), and that total nitrogen is expressive of the cyto- 
plasmic mass, we obtain figures divested of any intrinsic significance. Only 
changes in the ratio can be considered as having any significance in the 
investigation of such questions as that of the existence of reserve protein. 
In order, however, for the figure obtained for purine-nitrogen to be as repre- 
sentative as possible of the nucleus, it should be derived from the nuclein 
fraction only, and would consist of guanine and adenine only; oxypurines such 
as hypoxanthine, xanthine and uric acid should be excluded, as well as 
the adenine of adenylic acid [Embden and Zimmerman, 1927, 1, 2]. 

Schaeffer and Le Breton, who worked on embryos, could neglect this second 
fraction, but point out that for adult animals it may be considerable, and this 
would be the more so for determinations of the chemical nuclear-plasmic ratio 
of skeletal muscle. 

Experiments were therefore carried out in order to verify whether the 
results obtained for skeletal muscle, after removal of soluble purines and 
non-protein nitrogenous substances, such as carnosine, carnitine, creatine, etc., 
are similar to those abtained for unextracted muscle. 


EXPERIMENTAL. 


Well nourished rabbits were taken as experimental material. They were 
kept in small cages at room temperature, under conditions of absolute inanition, 
i.e. without food or water, and were weighed daily. The urine was collected 
quantitatively and nitrogen determined every few days; towards the latter 
stages of hunger determinations were as far as possible made every day. 
Seven rabbits were killed after periods of hunger varying from 7 to 14 days, 
loss of weight of 17-8 to 28-4 %, four after 10-18 days, 40 % loss of weight. 
Of these, one was taken for analysis 1-2 hours after death from inanition, and 
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three in the last stages of exhaustion—these exhibited a distinct pre-mortal 
rise in nitrogen excretion. The animals were killed by injection of chloroform 
into the heart, the skin being then immediately removed and skeletal muscle 
taken from the limbs, as far as possible free from tendons and fat. The material 
was then passed through a mincing machine, and 50-100 g. were weighed out 
and placed in boiling 4-5 % sulphuric acid. 

In certain cases the carcasses were first chilled to 0°, and the above 
operations were repeated at a low temperature. This technique did not, how- 
ever, affect the values obtained for purine-nitrogen. 

The livers were taken as a whole, after the removal of the gall-bladder. 
Total and purine-nitrogen contents were determined as before, using for the 
latter determination a modification of Kriiger and Schittenhelm’s method. 

Where water-extraction was applied the procedure adopted was as follows. 
The comminuted tissue was thrown into 500 cc. of boiling water, and the 
whole filtered after 10-15 minutes’ boiling. This operation was twice repeated 
using 100-200 cc. of water, the united filtrates were freed from protein by 
boiling after feeble acidification with acetic acid, and the residue of coagulated 
protein was added to the original residue, which was then treated as before for 
total and purine-nitrogen estimation. 


Table I. Rabbit skeletal muscle. 


Purine- Purine- 


Nmg. Nmg. 
per per 
% solid %N YN 100g. 100g. Nuclear- Initial Final 
sub- live dry live dry plasmic weight weight % Days 
No. stance weight weight weight weight ratio g. g. loss hunger 


I 24-7 3-826 15:43 110-5 447 29-73 x 10-3 
II 24-4 3°755 15:39 11457 470 31-19x10-% 
III 24-4 3830 15:70 119-1 488 32-10x10-% 
IV 253 3-740 14:78 109-75 434 30-20x10-% 
¥ 25:3 3-720 §=614-43 87:35 340 24-01 x10-% 
Va 233 —_ — 85-8 368 — 


Mean 24-63 3-774 15:13 104-5 424 28-05x10-% 


VI 248 3-89 15-65 136-7 551 36:42x10-% 1910 1570 17-8 10 
QVII_ 27-7 3555 =: 138 110-9 400 29:31x10-% 2890 2050 28-4 14 
2 VIIT 23-75 3-605 15:18 123-3 520 35:4 x10 2140 1670 22-0 9 








SIX 25:0 390 1536 955 383 25-1 x10 3030 2300 240 9 
X 225 365 1622 8242 366 23-08x10- 2450 1820 234 11 
XI 278 = 4-04 = 14-53 91-97 331_—«23-30x 10-4250 3450 :188 7 

Mean 25-26 3-773 15:12 1068 438 28-77x10-* 

ox — 371 — 1030 — 287 x10 2760 1630 409 10 

OXI 28:35 384 135 10016 350 260 x10-* 2100 1230 414 18 

SXIV 21-2 3-936 185 1000 472 25-71x10-* 2620 1550 408 18 
XV 263 3-776 14:32 1030 392 28-02x10-* 2850 1700 403 18 

Mean 25:28 3815 1544 1015 401 27:34x10- 


The results, given in Table I, are in almost every case the mean of 2-3 
concordant determinations. Considerable individual differences in purine- 
nitrogen content exist, this varying from 85-8 to 119-1 mg. per 100g. The 
mean value of 104-5 mg. is higher than that found by Kikuchi [1923], viz. 
66 mg. with variations of 58-83 mg.; this author, however, used Burian and 
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Hall’s method, which, according to Schaeffer and Le Breton [1923], gives low 
results. Rabbit muscles, however, appear to have a higher purine-content than 
those of other mammals studied [Truszkowski, 1927, p. 1043]. 

As to inanition, the values found are constant for all stages of hunger, this 
applying to total and purine-nitrogen contents and to the nuclear-plasmic 
ratio. A general tendency towards increase in the latter in hunger appears, 
however, in liver tissue. Truszkowski obtained similar results for dogs. The 
marked lack of constancy in the results does not allow, however, of the drawing 
of any more definite conclusion (Table II). 


Table II. Rabbit liver. 


Purine-N Purine-N 








mg. per mg. per Nuclear- 
% solid %N oN 100 g. 100 g. plasmic 
No. substance live wt. dry wt. live wt. dry wt. ratio Remarks 
I 27-5 2-58 9-39 121-4 441 49:3 x 10-3 Fed animals 
IT 24-6 3-12 12-68 161-4 655 54:5 x 10-3 ” 
IIT 26-8 2-75 10-26 137-2 528 52-5 x10-3 ” 
ay 29-1 3-38 11-68 153-8 524 47-7 x10-3 ” 
Mean 27-0 2-96 10-96 143-45 531 50-92 x 10-3 
VI 29-1 3-64 12-5 177-5 610 51:3. x 10-3 Inanition 
VII 29-9 3°33 11-13 109-7 370 34:1 x 10-3 re 
Vill 33-0 2-96 8-96 178-0 538 64:0 x 10-3 - 
IX 28-6 3-67 13-10 145-0 520 41-03 x 10-3 ” 
XII 23-0 3-21 13-36 168-8 734 55-5 x 10-3 ” 
XIII 26-0 3-46 13-32 169-0 650 51:3 x 10-3 29 
XIV 25-55 3-67 14-37 208-4 810 60-2 x10-3 zs 
XV 26-0 4-16 16-01 140-3 539 34-86 x 10-3 eee 
Mean 22-64 3-51 12-70 162-1 586 48-42 x 10-3 


Previous extraction with water did not, with the exception of deter- 


minations 1 and 8, where the difference observed may be due to some experi- 
mental error, to any great extent affect the results obtained for the nuclear- 
plasmic ratio of unextracted muscle. The purine-nitrogen content whether of 
the muscles of fed or of starved animals was uniformly about half that found 
before extraction, whilst the total nitrogen content fell in all cases by about 
15%. The nuclear-plasmic ratio, although now expressed by a different 
figure (Table III), exhibited the same constancy with respect to different 


conditions of nutrition as did that of unextracted muscle. 


Table III. Eztracted rabbit skeletal muscle. 


Purine-N 
mg. per 


Purine-N 
mg. per 


Nuclear- 








% solid oN YN 100 g. 100 g. plasmic 

No. substance live wt. dry wt. live wt. dry wt. ratio Remarks 

la 25-0 3-212 12-84 70-40? 281? 22-41 x 10-3? Fed animais 

IV 3 25:3 3-204 12-66 39-07 154 12-03 x 107% me 

V 25-8 3-286 12-74 43-78 171 13-68 x 10-3 % 
Mean 25-4 3-234 12-75 41-42 162 12-85 x 107% 

Vill 23°75 3°17 13-40 74-19? 312? 23-97 x 10-3? — Inanition 

IX 25-0 3°38 13-50 46-47 185 14-37 x 10-3 > 

XI 27-8 3°36 12-08 39-28 14] 11-8 x 107% as 
_XV cz 26-3 3°34 12-7 47-22 180 14-3. x 10-3 5 
Mean 25-71 3°31 12-92 43-32 169 13-29 x 10-3 
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Similar results were obtained for the skeletal muscle of dogs, some of which 
had been fed for 3 months exclusively on oatmeal, whilst others were fed upon 
meat for 2 months. The same uniformity in the nuclear-plasmic ratio was 
found for yearling trout, starved for 6 months, and starved for 1 month, after 
which they were fed with liver for 5 months (cf. Table IV). 


Table IV. 
After extraction 
— Nuclear- 
% N Purine- Purine- Purine- Purine- plasmic 
livewt. N N N N Nuclear- ratio 


% solid %N after mg. per mg. per mg. per mg. per plasmic after 
sub- live extrac- 100g. 100g. 100g. 100g. ratio extrac- 


No. stance wt. tion livewt. dry wt. livewt.dry wt. x10-* tion Remarks, 
1g — 3650 30 79:13 — 30-61 — 23-12 10-14 Skeletal muscle of dog fed on 
oatmeal 
23 262 3-71 3-10 79-37 303 32-32 123 21-80 10-50 Skeletal muscle of dog fed on 
meat 
3 17-0 2-61 2:09 885 520 52-55 309 35-08 25-7 Whole trout, six months’ 
inanition 


4 20:17 2:92 2:20 88-7 440 50-35 250 31:3 23-36 Whole trout, one month’s 
inanition, five months’ re- 
stitution 


DISCUSSION. 


The above results on the whole confirm those of Truszkowski [1927], who 
found that the nuclear-plasmic ratio of mammalian skeletal muscle remains 
constant throughout starvation. This would militate against the protein 
reserve theory on the assumption that the purine-nitrogen content of the 
cells remains unchanged. Whilst this might be conclusive evidence for 
many tissucs, in which all or the great majority of purines present are of 
nuclear origin, it can in no case apply to muscular tissue, in which, as 
will be shown in a subsequent paper, the quantity of purines not belonging 
to the nucleus is exceptionally high, amounting to 50 % or more of the total 
purine content. Should, however, the total purine content remain constant 
during hunger, the interpretation of the constancy of the nuclear-plasmic ratio 
as evidence against the existence of a protein reserve would be justifiable. 
Since muscles, after extraction of all non-protein nitrogen derivatives and 
extramuscular purines, exhibit the same general constancy of nuclear-plasmic 
ratio as without extraction, it would seem that the above conclusions as to 
the absence of reserve protein in these tissues remain valid. 

The parallelism existing between changes in total purine-nitrogen content 
and in nuclein-phosphorus content has been frequently observed. Thus Burian 
and Schur [1897] observed that the nuclein-phosphorus content of puppies 
increased 3-5 times during a period of growth over which the purine-nitrogen 
content increased 2-5-3 times. Masing’s [1911] figures for the fall in nuclein- 
phosphorus content of rabbit foetuses with age correspond to those found by 
Schaeffer and Le Breton for purine-nitrogen, and Javillier’s [1923] researches 
upon the nuclein-phosphorus content of mice during lactation are similarly 
in agreement with the results of these authors. 
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This parallelism is apparently due to the content of extranuclear purine 
substances rising together with the growth of tissues, and remaining constant 
after growth has ceased. These extranuclear purines cannot therefore be 
considered as being entirely independent of other cell constituents. 

This constancy of extranuclear purine-nitrogen content is an extremely 
favourable factor, inasmuch as it enables one to make use of changes in the 
ratio N,/(N,—N,) for the study of reserve protein. In those cases where 
considerable increase in this ratio is found, amounting in the case of trout 
to 40 % [Dmochowski, 1928], it is extremely improbable that the presence of 
extranuclear purine substances could in any way affect the conclusions drawn 
from this increase. Where, however, as for amphibia and mammalian muscle, 
this ratio remains constant or falls slightly, further examination of the extra- 
nuclear purine content would be necessary before conclusions as to the absence 
of reserve protein could be accepted without reserve. 


SUMMARY. 


1. The chemical nuclear-plasmic ratio of liver and skeletal muscles of 
rabbits, taken at various stages of total inanition up to the final stage, marked 
by the pre-mortal rise in nitrogen excretion, has been determined. 

2. The purine-nitrogen content of rabbit skeletal muscle has an average 
value of 104-6 mg. per 100 g., varying from 85 to 119 mg.; this value is higher 
than that of other mammals studied. 

3. The mean value of the nuclear-plasmic ratio is 28-55 x 10-*, and this 
value remains constant throughout the duration of inanition. The same applies 
to the purine-nitrogen content. 

4. The purine-nitrogen content of rabbit liver exhibits even more con- 
siderable individual variations than that of muscular tissue; it varies from 
149-5 mg. per 100 g. in fed animals to 162-1 mg. in inanition. The mean 
nuclear-plasmic ratio is respectively 50-9 and 48-4 x 10-* before and after 
starvation. 

5. Over 50 % of the purines of muscle tissue are extracted by hot water, 
and are not therefore contained in the nucleus. 

6. Parallel results were obtained on muscle from which extranuclear 
purine substances had been removed by extraction with hot water; in this 
case, too, the value found for the nuclear-plasmic ratio remains constant. 

7. The agreement between change of nuclein-phosphorus content and 


purine-nitrogen content observed by a number of authors is probably due to 
the relatively constant content of extranuclear purine substances. 


I would, in conclusion, desire to express my sincere gratitude to Prof. 
8S. J. Przylecki for his never-failing advice and assistance. 
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